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Abstract 
This thesis will analyze the process of innovation with 
regard to the cement gun, a machine that pn~umatically 
applies cement mortar. The essay presents the history of 
the invention, evolution, development and diffusion of the 
machine. 
On May 9, 1911 Carl E. Akeley received a patent for a 
unique process and apparatus of mixing and applying plastic 
material. Shortly afterwards, Akeley and several investors 
incorporated the General Cement Product Company to 
manufacture and sell the "cement gun". 
The initial attempts at marketing the gun were dismal 
failures. During the time that the General Cement Product 
Company owned the rights to the gun, from ~911 to 1916, ·the 
company was driven to the verge of bankruptcy. In 1916, 
Samuel W. Trayl-or, President of the Traylor Engineering and 
Manufacturing Company of Allentown, Pennsylvania, purchased 
the rights to the cement gun and began manufacturing and 
marketing the machine. 
The success of the cement gun rested on the ability of 
Cl 
Samuel Traylor to transfer the skills arid knowledge he had 
acquired in developing the Traylor Engineering and 
ManufactuFing Company to the new technology. He knew from 
. . 
1 
' ~. 
experience that the American cement industry offered an 
enormous potential market for both new construction and 
repair. Additionally, he knew that the future market of the 
gun was in the construction industry and not solely in its 
manufacture. Thus the success of the company would be 
correlated to the gun's uses in the construction industry 
more so than in manufacturing and retailing the gun. 
Success would depend on the quanti\y and quality of 
production, as well as a knowledgeable sales force. This 
required evaluating management and sales personnel, and 
devoting as much time as possible to the gun company. 
In hindsight, Samuel Traylor's confidence in the cement 
gun proved correct. By 1928, when the Akeley patents 
expired, the gun's success was assured. Today the Cement 
Gun Company operates under· the name Allentown Pneumatic Gun 
Company. The cement gun itself has changed little since 
1914; indeed, schematics from the 1914 machine are still 
being used to build contemporary machines . 
• 
2 
Introduction 
The rate of technological advance in the last one-
hundred years is unparalleled in American history. The 
effect of this technology on man and society cannot be 
overstated. Since technology plays such an important role 
in society, both detrimental as well as beneficial, it is 
essential to examine technology by systematic analysis and 
study. Thus, this thesis will attempt to increase our 
understanding of an integral part of technological change, 
the process of innovation, through a historical analysis of 
the invention, development and innovation of the Cement 
Gun, an apparatus that pneumatically applies cement mortar. 
Studies on specific areas of technology date back 
several centuries. In general these studies dealt 
primarily with inventions and engineering. But, in the 
1920s new, les~ restricted techniques emerged with regard 
J 
. 
to the study of technology. These new approaches went 
Jf beyond the traditional focus on/invention and engineering. 
Social ramifications as well as environmental factors were 
now considered essential to the study of technology .and 
technologiG1:ll. change. Two of the classic works from this 
3 
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time period were Abbott Payson Usher's A History of 
Mechanical Inventions (1929) and S(eabury) Colum 
Gilfillan's The Sociology of Invention (1935) . 1 
The influence of Usher and Gilfillan has left its mark 
on the literature of contemporary historians of technology. 
Thomas Parke Hughes in Elmer Sperry: Inventor and Engineer 
combines the methods developed by Usher and Gilfillan with 
his own to analyze the process of innovation in the case of 
Sperry. Further evidence of their influence can be found 
in Technology and Culture, the journal of the Society for 
the History of Technology. John Staudenmaier in his volume 
Technology's Storytellers analyzes the journal and 
identifies Usher and Gilfillan among the influential 
pioneers in the field. 2 
What is revealed by Staudenmaier's analysis is a 
recurrent theme throughout the body of literature that 
d~als with technological innovation. Historians commonly 
refer to three separate phases associated with this 
process--invention, development, and innovation--although 
1 See Abbott Payson ·usher, A History of Mechanical 
Inventions (Cambridge, Mass.: Harvard Univ. Press, 1954) 
ands. Colum Gilfillan, The Sociology of Invention: An 
Essay in The Social Causes, Ways and Effects of Technic 
Invention, Especial'ly as Demonstrated Historically in_ The 
Author's "Inventing The Ship" (Cambridge, Mass.: M.I!T. 
Press, 1961? ·. 
2 See Thomas Parke Hughes, Elmer Sperry: Inventor and 
Engineer (Baltimore: Johns Hopkins Press, 1971) and John M. 
Staudenmaier, Technology's Storytellers: Reweaving the 
Human Fabric (Cambridge, Mass.: M.I.T. Press, 1985). 
4 
.,._.,.,, 
they often differ in their detailed interpretation of these 
three phases. 
Traditionally, invention is the first step in the 
process of technological innovation. It is generally 
attributed to the individual inventor, who singularly 
arrives at the "eureka'' moment, allowing him to visualize 
the invention. Development, the second step, is generally 
a group project, the purpose of which is to improve the 
invention to the point where it can be diffused into the 
market place. Because the perfection or development of a 
new technology involves research, this step may also be 
referred to as research and development. Innovation is the 
third and final step and is concerned with the introduction 
of the invention into the market place. Intrinsic to this 
step is the diffusion of the product into the environment 
through various methods such as advertisement and trade 
shows. This step may also be referred to as innovation and 
diffusion. The success of this final step is often 
dependent on the skills of an entrepreneur. For this 
thesis the phrases "process of innovation'.' and 
"technological innovation" will encompass distinct stages 
of invention, dev.elopment, and innovation. 
Although·these three steps appear to occur 
sequentially, and.logic prescribes that invention· precede 
5 
• l•, 
,. 
·' 
development, which in turn precedes innovation, 3 reality is 
far more complicated. In fact, the three steps often 
overlap or occur simultaneously. Lynwood Bryant, in an 
essay on the invention of the diesel engine, pointed out: 
the three steps of human behavior that we label 
invention, development and innovation are going on 
more or less all the time in the process of 
technological evolution. The emergence of new 
ideas,:- which we label "invention 11 clearly takes 
place throughout the process. The refinement of 
the design that comes with experience in the real 
world, which we label development is endless. The 
effort to fit a new technique into the existing 
economic and social structure, which are labeled 
innovation, is a guiding force from the beginning. 4 
Thomas M. Smith, in an article on the early development of 
the digital computer, concurs with Bryant. "We all agree 
that the middle phase (development] overlaps with the 
phases on either side of it [invention and innovation] in 
such a way that no sharp lines can be drawn. 115 Patrick 
Kelly, et al. also agree and hold that, ''the linear · 
sequence view describes only a few cases, for the rest 1te 
arrow leads every which way. 116 Nevertheless., the 
distinction is both valuable and valid, if one recognizes 
3 Patrick Kelly and Melvin Kranzberg, et al., eds. 
Technological Innovation: A Critical Review Of Current 
Knowledge (San Francisco: San Francisco Press, 1978), 148. 
4 Lynwood Bryant, ''The Development of the D.ie~el 
Engine," Technology and- cu1·ture 17 (July 1976): 446. 
, 
5 
·Thomas ~. Smith, ''Project Whirlwind: An -Unorthodox 
Development Project," Technology and Culture 17 (July 
1976): 459. 
,,. 
6 Kelly, et al., eds. Technological Innovation, 13. 
6 
/ 
that the boundaries between the phases of innovation are 
loose and frequently overlapping, and that the 
interrelationships are far more complicated than are often 
exhibited by the apparent sequential occurrence of each 
phase. Thus, for this thesis, I have chosen to utilize the 
tripartite model of invention, development, and innovation. 
It is the intention of this thesis to employ the 
theories proposed by Usher, Gilfillan, and Hughes and to 
utilize the case study method to analyze the process of 
invention, development, and innovation of the Cement Gun. 
The history surrounding the Cement Gun will be presented 
chronologically employing a linear sequential method . 
. 
The first chapter is an introduction to the literature 
on the methodology that will be used to evaluate the data. 
Chapter two will introduce the principal character, Samuel 
William Traylor, an engineer/entrepreneur. Although 
Traylor was not the inventor of the Cement Gun, he was 
primarily responsible for its ultimate success. The 
process of invention as it pertains to Carl Akeley (the 
inventor of the cement gun) is the focus of chapter three. 
Additionally chapter three will consider the overlapping of 
. 
the three phases by examining the initial development and 
innovation that occurred prior to the appearance of Samuel 
Traylor. The development and innovation phases under· 
Traylor is the emphasis of the fourth .chapter. Because the 
~ . 
phases did not occur sequentially, this chapter will also 
t ' 
7 
... 
) 
( 
,' 
' 
' 
,. 
d 
consider the diffusion attempts by Traylor during the 
development stage. The importance of these early attempts 
at marketing rested on the feedback from consumers which 
contributed to the development of the gun. The conclusion 
will examine how the case of the Cement Gun supports or 
.. 
conflicts with the theories outlined in the first chapter. 
The greater part of this thesis is based on the 
unpublished and previously unexamined papers of Samuel w. 
Traylor (1869-1947), chairman of the board of the Traylor 
Engineering and Manufacturing Company of Allentown, 
Pennsylvania. These papers are in the possession of the 
author. Still, this is not a comprehensive survey of the 
Cement Gun because the available papers are those that 
pertain primarily to Traylor as.chairman of the mother 
company. The files of Bryan Collier the president of the 
Cement Gun· company are at present unavailable. Carl 
Akeley's files concerning the Cement Gun have been 
destroyed, according to the archives of the Museum of 
Natural History in New York. Notwithstanding, I am 
confident that the material available is sufficient for 
analysis of the invention, development, and innovation of 
the Cement Gun. 
.. 
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Chapter I 
An Analysis of the Literature 
Invention, Development, and Innovation 
Since the founding of the Society for The History of 
Technology in the late 1950s, a body of theoretical 
literature providing an analytical framework to study new 
inventions has emerged. However, the intellectual basis of 
this literature was set a generation earlier by schol~rs 
• . . such as Usher and Gilfillan. This thesis utilizes the 
format developed by Thomas Parke Hughes. But, because of 
the influence of Usher and Gilfillan on Hughes it is 
- .,,. . ;-·~ ..... 
helpful first to examine their methodology . 
.!. 
Abbott Payson Usher was an economist, and his best 
known work was A History of Mechanical Inventions~published 
.. 
9 
. l 
in 1929 and revised in 1954. 1 The revised version is 
divided into two sections. In first four chapters Usher is 
t) 
concerned with the methods used to analyze the second 
sectioni In the second section he describes specific 
inventi6ns and inventors ranging from the water clock to 
the steam engine and from Leonardo da Vinci to Eli Whitney. 
But, it is the first section that is of more value as a 
general framework for the process of invention and 
innovation. 
Usher was concerned with the study of the integration 
of society and technology. The importance of A History of 
Mechanical Inventions as a contributor to the understanding 
of t~hnological innovation is in the area of the "process 
of invention." To analyze the process, Usher utilized 
Gestalt psychology because it "affords an explanation of 
the prqcess of invention that is intermediate between the 
mystic determinism of the transcendentalist and the 
mechanistic determinism of the Sociologic theories. 112 
1 Usher, A History of Mechanical Inventions. Also see, 
New·York Times, June 20, 1965, 73. 
' 
2 Usher, A History .of M~chanical Invention, .61 .. The 
' . . (, . ~ ' . Gestalt movement began in Germany. "The German term 
'Gestalt' is usually translated as 'configura:tion' and 
refers to configurations of patterns in which, experience 
or behavior· occur. Gestalt psychology is called org~nismic 
psychology, by analogy with organismic biblogy, both· 
stressing the action of the organism as a whole." See 
Robert H. Seashore, ed., Fields of Psychology: An 
Experimental Approach (New York: Henry Holt and Company, 
1942), 611 . 
• 
10 
. . 
Gestalt theory stresses that the properties of the whole 
cannot be deduced from its parts. Usher applies this 
theory to the process of invention, which he calls the act 
of insight. He explains: 
acts of insights ... involve synthesis of many 
item~ derived from other acts of insights. In its 
entirety, the social process of innovation thus 
consists of acts of insights of different degrees 
of importance and at many levels of perception and 
thought. 3 
To Usher then, the act of inventing is an evolutionary 
process and the process of invention can be understood only 
in terms of the whole process and not as a summation of its 
parts. 
To understand the act of insight Usher found it 
necessary to break the process down into the four following 
steps: 
1) The perception of the problem: The inventor 
detects a need that is generally conceived as an 
incomplete or unsatisfactory pattern, or an 
unfulfilled want·. 
2) Setting the stage: The data necessary for the 
solution to the problem are present. 
3) Act of insight: The act of solving the problem 
conceptually. 
4) Critical revision: The idea is actualized. 4 
~ 
' ' Thomas Parke Hughes summarizes Usher's theory in an essay 
entitled '~Inventors, The Problems They Chose, The Ideas 
3 Usher, A History of Mechanical Inventions (1954), 
61. 
4 Ibid., 65. 
11. 
,. 
\ 
They Have, and The Inventions They Make. '' He explains that 
Usher was attempting to prove that the act of insight is an 
evolutionary process composed of insights from various 
sources. Perceptions of problems fostered tensions that 
were reiieved through acts of insight. Hughes asserts that 
Usher drew upon Gestalt psychology because Usher assumed: 
the inventor was able to comprehend the inadequacy 
of an existing technological device or process by 
the mental act of comparing patterns encompassing 
it, related to it, but extending beyond it in 
effectiveness, as judged by function, efficiency, 
or some other external factor. 5 
Usher's theory put to rest the classical assumptions 
that inventions were the results of a simple process that 
could be associated with a single individual at a given 
moment. He also stressed the importance of analyzing the 
process of invention by utilizing the records of notable 
inventors. Although, he cautioned against attributing to 
the interpretation of historical records proof or 
verification of the theory. 6 
·A ·second major theorist whose work is suggestive for 
the study of the process of innovation was the sociologist 
· 
5 Thomas Parke Hughes, "Inventors, The Problems They 
Choose, T}:le Ideas They Have, and The Inventions They Make," 
in, Kelly, et al., eds., Technological/Innovation,· 169. 
6 Kelly, et al., eds. Technological Innovation, 83. 
Hughes also emphasizes the importance of historical 
research, "We need biographies and histories of innovation 
that are based on the same close readings of the sources 
and t~e sa~e critical analysis that has·been taken as 
commonplace in political and economic theory," Hughes, 
"Inventors," 180. 
12 
.. 
' 
s. Colum Gilfillan. He is best known for his study of 
invention which culminated in his volume The Sociology Of 
Invention. 7 Gilfillan reiterated themes· emphasized by 
Usher. Similarities between the theories of Gilfillan and 
Usher include the use of a biological analogy to describe 
the process of invention. The analogy is obvious in 
Gilfillan's description of the process: 
Invention ... is not just a lifeless thing of wood 
and metal, but a vast complex of which most 
elements are social thoughts of man, a set of 
social institutions, customs and ideas ... the 
whole associated together and named by custom. 8 
He also compares technological innovation to the 
evolutionary process. ''Techno·logic evolution is as 
inexorable and ruthless as the biologic, because it is an 
outgrowth of it men(sic) compete with men today not by 
teeth but by tools, not by thews but by thot(sic) . 119 
Although Gilfillan and Usher viewed the history of 
technology from two distinct disciplines, sociology and 
economics, they came to similar conclusions. This 
conclusion is best summarized by Arthur P. Molella in an 
essay on the first generation of historians of technology. 
Molella claims that they "viewed the history of technology 
7 Who's Who in America 26 (Chicago: Marquis 
Publishing, 1950), 99. 
8 Gilfillan, The Sociology of Invention, 17. 
9 Ibid·. , 19. 
13 
not as a specialty, contributing further to the 
fragmentation of knowledge, but as a synthesis of ideas 
. 
from specialties as diverse as psychology, sociology, 
anthropology, art, science and economics." 10 
As the works of Usher and Gilfillan evidence, the 
~ 
,--~y invention stage is considered the first step in the process 
of technological innovation and, perhaps as a result, has 
also been the most analyzed. Popular notion attributes 
this initial act to the insight of a single individual or 
"heroic inventor." However, Usher, Gilfillan, and Hughes 
demonstrate that inventions are not the consequence of an 
individual act at a given moment, but an evolutionary 
process composed of a combination of new and old ideas, 
"the accumulated sums of many improvements by largely 
anonymous inventors and skilled artisans. " 11 
Subsequent examination of this stage reveals that it 
consists of three steps: 1) problem identification: the 
.i..,,_. 
problem or need related to a specific invention is 
. identified, 2) idea response: the solution to the problem 
' / 
10 Arthur P. Molella, "The First Generation: Ushe~, 
Mumford and Giedion" in In Context: History and· the History 
of Technology Essays in Honor of Melvin Kranzberg, Stephen 
_. H. cutcliffe and Robert c. Post, eds. Research in 
Technology studies, .1 (Bethlehem, Pa.: Lehigh Univ. Press, 
forthcoming 1989), 96. 
11 Arthur P. Molella, "Inventing The History of 
Invention: Three Big Thinkers Wpo Placed Technology at The 
Heart of History,'' American Heritage of Inventiq11 & · 
Technology 4 (Spring/Summer 1988): 25. 
14 
.. 
,.. 
... , 
·-
is found, and 3) invention: the actualization of the 
' . idea. 12 These steps coincide with the first three steps of 
Usher's act of insight: 1) problem perception (problem 
identification), 2) setting the scene, and 3) act of 
insight (idea response and invention), although clearly he 
added a transitional step between problem identification 
and idea response, which he labeled setting the stage. 
Both Gilfillan and Hughes employ a similar· step in 
their analyses of the process of invention. A summary of 
Gilfillan's theory can be integrated with the three steps 
of the invention process, 1) growth and chance evoke system 
needs or imbalance (problem identification), 2) 
evolutionary accretion of response components and 
nontechnological factors stimulate response (setting the 
stage), 3) institutions or persons organize congenial 
synthesis of response (idea response and invention) . 13 In 
summary, invention may be defined as an evolutionary 
process consisting of three steps, each a synthesis of new 
and old ideas., ... 
Another useful approach to analyze the invention stage 
of the process of innovation is that developed by Hughes 
himself. He synthesized the theories of Usher and 
Gilfillan with his own in examining the process of 
12 Hughes 1 "Inventors,." _1_66. 
13 , Ibid. , 169. 
: . ..;•.:, 
15 
. . 
innovation as it applied to Elmer Sperry, Thomas Edison~ 
J '\,_ 
and Thomas Midgley. Hughes argues that critical problems 
impede technological change. The soluti9n to this problem 
lies with invention. Using the military analogy of reverse 
saliants (problem perception), which he defined as the 
segment of a line of advance which may be stalled or in 
retreat, Hughes postulates that for the advance to continue 
.this problem must be corrected. Solving the problem 
involves the consideration of prior attempti ~t finding a 
solution (setting the stage), identifying the weakest point 
(idea response), and finding the solution (invention) . 14 
Application of Hughes's method is also evidenced in 
his detailed biography of Elmer Sperry. According to 
Hughes, Sperry would identify a problem (Hugnes's reverse 
salient) generally.in a nascent field, hence competition 
would be limited. The next step is best described by 
Sperry himself: 
I would study the matter over. I would have my 
assistants bring before me everything that had been 
published about it including the patent literature 
dealing with attempts to better the situation. 
When I had the facts before me I simply did the 
obvious thing, I tried to discern the weakest point 
and strengthen it. 15 
Clearly ·sperry set the scene by.accumulating as much 
information as possible.in the hope of achieving the act of 
14 • Ibid., 167-80. 
15 Hughes, Elmer Sperry, 169. 
16 
f1 . 
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I. 
insight that would lead to a solution to the problem. The 
evolutionary nature of invention is also obvious, that is, 
the invention evolved from the knowledge Sperry 
accumulated. Lastly, Sperry's reliance on assistants and 
other inventors (patents) demonstrates that he was not the 
"heroic inventor.'' 
The period between the actualization of an invention 
I? 
and its introduction into the market place is usually 
regarded as the development phase. In Technology's 
Storytellers, John Staudenmaier examines this phase and 
finds that common to most scholarship on the development 
stage is the theme of building and testing models. He 
concludes that development is a step by step progression of 
testing and modifying the invention until the desired 
results are achieved. 16 Staudenrnaier underscores the 
difficulty endemic to transforming an abstract idea into a 
concrete form, "the difficulties inherent in this process 
... stem from the tension between the abstract idea of the 
inventive design and the concrete limitations encountered 
in the, development phase. 1117 He insists that this 
transformation between an abstraction and its concrete form 
i' 
16 Staudenmaier, Technology's Storytellers, 4, 45. 
17 Ibid., 46. Staudenmaier also,cites cost and market 
expectations as fac~ors contrib~ting to the difficulty of 
transforming an idea . 
' 
.c-
is impossible without ''goal directedness": 
the piocess of development is inconceivable outside 
of the intellectual parameters established by a 
specific goal, parameters that create the closed 
system necessary for the feedback involved in the 
trial-and-error process of model testing. 18 
I 
,, 
Accordingly, goal directedness serves as a guide to ensure 
that development does not depart from its original intent. 
Much of the historical analysis concerning the 
development stage has been in the form of case studies. 
Lynwood Byrant' s, "The Development of The Diesel Engine'' 
and Thomas M. Smith's, "Project Whirlwind: An Unorthodox 
Development Project" are two examples. Bryant's 
examination of the diesel engine reveals that the 
development phase was a long drawn out process in which 
, 
many engines were tested and rejected. Although Rudolf 
Diesel is credited with the invention, Bryant observed, 
that at the time, critics of Diesel questioned whether "the 
engine that emerged from the development process was not 
the same as the engine Diesel invented. 1119 These questions 
occurred because the first engine never ran under its own 
~ 
power, subsequent engines ran haphazardly, and it was not 
until 1897 that a prototype ran well enough to be 
introduced into the market place. The development phase of 
the Diesel engine revealed that, "an invention as described 
18 , Ibid., 49. 
19 Bryant, "The oe'velopment of The Diesel Engine, 11 
432. 
18 
I ' 
I 
,, 
,· 
in a patent may be the embodiment of a fixed idea, but in 
real life ideas may not stay fixed. In this case, at 
least, the development modified the invention. 1120 This 
fact created a problem for the manufacturers of the engine, 
because the engine with its modifications may not be 
protected by the original patent. Consequently, ''Diesel 
felt a strong pressure to reconcile the real engine as it 
was developing with the original theory as expressed in the 
patent. 1121 It is evident in this case that the creative 
process can and did occur during the development stage. 
Thomas Smith studied the development of the 
computeriz~d flight simulator known as Project Whirlwind 
initiated during the Second World War with funding from the 
Special Device Division. Its purpose was to develop a 
flight simulator using an analogue computer to imitate 
flight conditions. But, researchers found that the 
analogue computer was too slow to react to the commands 
from the cockpit. Consequently they switched to ~n 
electronic digital computer although it was not even in the 
development stage. To make matters worse, after the war, 
' funding was allocated to· the Office of Naval Research 
resulting in a change of goal directedriess which nearly 
.. 
20 , Ibid., 440. 
21 Ibid., 441. 
19 
scuttled the project. 22 Notwithstanding, the potential 
uses of the digital computer in various fields, such as 
''physics, electrodynamics, and mechanical engineering, 1123 
was such that funding for its development was approved. 
The development stage of Project Whirlwind again 
demonstrates that the creative process can occur at any 
time; as a result though, the final product may not 
resemble the original idea. 
Hughes a·lso examines the development stage in his 
biography of Elmer Sperry. He uses the development of the 
marine gyrostabilizer to define the development stage. 
After Sperry had identified and arrived at a solution to 
the problem concerning the stabilizer he began the 
development stage in his mind.\) By doing mental 
calculations on the stabilizer's effect on the ship Sperry 
was able to·make some improvements. Further development 
required him to build a model and attempt to recreate the 
rolling motions of the waves to observe the effects on the 
stabilizer. He realized, however, ·that a model could not 
accurately simulate the conditions in the real world. 
Subsequently he obtained the service of a destroyer from 
__ . .,. 
the U.S. Navy, which revealed that more problems had to be 
. ':'. -- .. 
I 22 The success of the project can be attributed to Jay 
w. Forester and Robert R. Everett the project engineers and 
the U.S. Air Force which utilized the computer for its 
early.warning system. • I 
23 smith, "Project Whirlwind,'' 451. 
20 
.. 
addressed before the stabilizer could be fully incorporated 
into everyday use. 24 
Following from these examples development can be the 
actualization of an idea in the form of models, which are 
tested within parameters set by defined goals under 
conditions that simulate the complex environment in which 
the invention will be used. 25 
The last stage involved in the emergence of a new 
technology is innovation, or the introduction and diffusion 
of a new invention into the market place. The primary 
:J 
governing factor concerning innovation and diffusion is 
that it is affected by variables that are not primarily 
influenced by th~ decisions of the invent9rs and developers 
. 
of the technology. While innovation has drawn researchers 
from a wide variety of disciplines, the complexity ot the 
market place has made it difficult to get a· clear picture 
of the whole process of technological innovation. 26 Thus, 
although the examination of the innovation process is 
somewhat restricted by the lack of a conceptual framework, 
. ' 
24 Thomas Parke Hughes, ''Conceptual Def in it ions: Order 
out of Chaos," Technology ·and Cultur~ 18 (July 1977): 513. 
,' ~ 
j'- . ") 
. 
25 Thomas Parke Hughes, ''The Development Phase· of 
Technology," Technology and Culture 17 (July 1976): 429. 
·
26 Kelly, et al., eds. Technological Innovation i 119, 
121. 
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this study may shed some light on the process. Despite the 
fact that there is no formal- theory of diffusion, Kelly, et 
al identify four influential variables: 
1) Sector characteristics: Sectors are social systems 
which are defined by their structural and social traits. 
Structurally they can be identified a$ _firms, counties, 
< __ _;,/ 
states, or individuals, depending on the level of analysis. 
Social traits are the communications network by which the 
diffusion of a new innovation occurs. 27 
2) Adopter characteristics: Sectors are composed of 
adopters which are analyzed at the organizational or social 
-level. Analysis at the organizational level rests on the 
organization's policies. That is, are they taking a 
passive or aggressive policy towards technological 
innovation? At the social or individual level the adoption 
0 • 
behavior, and the influential factors on the adopters 
units, are the primary concerns. 28 
3) Characteristics of innovation: A new innovation is 
either adopter-dependent, in which the nature and 
' 
circumstances of the adopter are relevant, or adopter~ 
. . /' 
independent, for which the nature and circumstance of the 
. 
adopter seem to be irrelevant. Characteristics that are 
associated with adopter-dependent innovation are: a) 
, I 
• t 
27 
_·Ibid. ,- 13 3. 
28 I Ibid., 137-40.·· 
'&l 
~ _,, . ..,.., 
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economic advantage, for example, the part that prestige 
plays in influencing an adopter; b) initial uncertainty, 
referring to such features as the complexity and 
observability of a new innovation which are instrumental in 
determining the compatibility of a new product to the 
adopter; c) initial commitment or trialabil.ty, that is, the 
cost of trying out a new invention; d) the rate at which 
initial uncertainty can be reduced. 29 In contrast to 
adopter-dependent innovation, research on adopter-
indepenqent innovation is scarce, and as a result, few of 
its features have been identified. The recognized 
characteristics include a form of trialability or the 
degree to which a new technology is irreversibte. This may 
take the form of a large financial outlay that would make 
it economically unfeasible to reverse the process once it 
is initiated. A second characteristic is form; a new 
\ 
technology can take the form of information, a product, or 
a process. The final characteristic is the proprietary or 
nonproprietary nature of innovation. Unfortunately, there 
is. a dearth of empir.ical. evidence to determine the degree 
of impact of these characteristics. 30 
4) Propagation mechanism~: This characteristic 
embraces all the methods involved in th·e diffusion of a new 
29 b 'd 
. I 1. • I 140 . 
. 
30 Ibid., 141-42. 
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technology. Three types of mechanisms have been 
identified: 1. Observable Artifact to Adopter (included in 
this category are, worlds fairs, exhibitions, trade shows, 
and trial uses of the innovation); 2. Person/Organization 
to Adopter (examples of this mechanism are professional 
organizations, private sector sales, and licensing 
arrangements); and 3. Media to~dopter (this includes the 
use of all forms of advertisement, i.e., the mass media, 
professional and technical journals, and promotional 
literature) . 31 
Successful diffusion of a new technology is generally 
identified with an individual, usually an entrepreneur. 
Hughes has long associated entrepreneurs with his study of 
systems. For example, Thomas Edison's Pearl Street Station 
was a system of providing electric lighting which included 
not only the incandescent lamp but all the components that 
make up a system, including meters, dynamos and the 
distribution mains. 32 
Hughes identifies three types of entrepreneurs, who 
play an integral part in the diffusion of a new technology, 
31 , Ibid., 143. 
32 Thomas Parke Hughes, "The Electrification of 
America: The Systems Builders," Technology and Culture 20 
(January 1979): 126. Also see Thomas Parke Hughes, "The 
Evolution of La-r/ge Systems" in Wiebe E. Bijker, Thomas P. 
Hughes, and Trevor F. Pinch, eds., The Social Construction 
of Technological Systems: New Directions in the Sociology 
an9 History of Technology (Ca~ridge, Mas~.:- M.I.T. Press, 
1987). 
/);. -:.: -<-• ·•• 
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they are manager/entrepreneur, financ~er/entrepreneur, and 
'\. 
inventor/entrepreneur. The manager/entrepreneur is a 
person who manages production technology; Sam Insull is the 
classic example. Insull, by acquiring smaller utility 
companies in and around the Chicago area and eventually 
throughout the midwest, created a "single, mass producing, 
technologically efficient, and economically operated 
company. 1133 The financier/entrepreneur is a person who 
"introduces financial and organizational means by which the 
·growth of utility systems might continue on a regional even 
national level. 1134 An example of a financier/entrepreneur 
is S. z. Mitchell who organized the Electric Bond & Share 
company, which, by 1924 through its holding companies, 
possessed de facto control over 10 percent of the electric 
power produced in the United states. 35 The 
inventor/entrepreneur is a person who: 
presides over the innovation process from its 
origins as a problem to, at least, introduction of 
the invention into use. The usual reason that 
inventor/entrepreneurs were not simply inventors 
was that they were determined to have their 
invention used, and to achieve that they realized 
they would have to take the initiative not only in 
the early phases of innovation but in research and 
development and marketing. In essence they ~ere 
33 Hughes, The Electrification of America, 141. 
34 I Ibid. I. 153. 
35 Thomas Parke Hughes, Networks of Power: 
Electrification in Western Society, 1880-1930 (Bal t_imo~e.: 
Johns Hopkins: Univ. Press, 1983) , 395-399. ',( 
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inventors; in effect they had to entrepreneurs. 36 
By this definition the quinte·ssential inventor/entrepreneur 
was Thomas Edison. The Pearl Street station was an 
excellent example of Edison as an inventor/entrepreneur. 
"Edison's genius lay in his ability to direct a process 
involving problem identification, solution as idea, 
research and development, and introduction into use. 1137 
Clearly Edison visualized a system which encompassed 
invention, development, and innovation. 
A second example of an inventor/entrepreneur was Elmer 
Sperry. Unlike Edison, Sperry did not envisage whole 
systems, rather he concentrated on "reverse saliants" or 
bottlenecks in areas in which he saw potential for growth. 
His records indicate that: 
he. identified critical problems by close study of 
technical journals,- patterns of patent 
applicatiohs, the. patents of others, attendance at 
professi-onal engineering society meetings, 
conversations, and intense knowledge of expanqing 
technological systems. 38 · · · 
The development of the marine stabilizer is a typical 
example of Sperry's method. Although Sperry did not invent 
the stabilizeri he recognized its limitations, improved 
upon them, and supervised the development and innovation of 
36 Kelly, et al.,.eds.,. Technological Innovation, 54. 
37 Hughes,_ Networks of Power, .19 • 
38 
·Kelly, et al., eds., Technqlogical Innovation 55. 
the stabilizer. 
W. Ross Yates' Joseph Wharton: Quaker Industrial 
Pioneer presents an example of an entrepreneur who, 
although hot an inventor per se, was responsible for the 
diffusion of a new innovation •. Wharton's introduction of 
refined metallic zinc was an excellent example of the 
diffusion process at the organizational level. To produce 
the highest quality spelter, Wharton utilized the latest 
technology. He also aggressively and successfully lobbied 
Congress to rai$e import duties on European zinc to protect 
himself from overseas competition. Furthermore,· he 
attacked the competition in their own backyard by sending 
. 
his brother Charles to Europe to establish a foreign 
market. Wharton himself traveled extensively throug.hout 
New England seeking· customers. Thus, by using government 
and business contacts, _professional journals, and a 
competent sales organization, Wharton assured the success 
of his company. 39 
After leaving the zinc business Wharton employed the 
same methods ·to establish the dominant nickel business in 
the United States. To ensure a successful product he 
imported European experts to supervise the production of 
nickel. Using his government contacts he persuaded 
39 Ross W. Yates, Joseph Wharton: Quaker Industrial 
Pioneer (Bethlehem, Pa.: Lehigh-Univ. Press, 1987), 72-
107 .. 
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Congress to pass a duty on imported nickel. Because the 
primary use of nickel was in·the production of coins, 
Wharton became an expert on coinage, and he subsequently 
published several pamphlets defending the use of nickel in 
coinage, which contributed to a regulation of the market 
for his product. 
The preceding review of diffusion in conj~nction with 
the four influential characteristics (sector and adopter 
characteristic, characteristics of innovation and 
propagation mechanisms) suggest the major concepts that 
will be considered in this study. Clearly they do not 
encompass all factors that contribute to the process of 
diffusion because of the extremely complex nature of the 
phenomena. 
Technological innovation cannot be understood by · 
solely focusin9 on its various components, such as 
invention, development, and innovation. Every individual 
case study possesses some form of uniqueness that cannot be 
accounted for by explanatory models. For example, the 
entrepreneur's individual personality and the dynamic 
nature of his environment play ~n important part in 
determining the success or failure of an invention, 
regardless of how brilliant the original idea or the 
process. followed. w.ithin the context of this analysis the 
characteristics of Samuel w. Traylor are of particular 
.. 
. 
importance precisely because they indicate the background 
28 
. l .. 
f 
and personality of a successful,:. entrepreneur. This may be 
as important to the historical understanding of 
technological innovation as is the understanding of the 
developmental stages. Therefore an examination of this 
individual is essential to understand fully the process of 
techn~logical innovation-concerning the Cement Gun. 
,, 
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Chapter II 
Samuel Traylor: The Making of an Entrepreneur 
The life of Samuel Traylor parallels the culmination 
of a revolutionary change in the United States--the 
transformation from a rural agrarian economy to an urban 
industrial economy. One of the first industries to respond 
and contribute to this transformation was the railroad 
industry. With the completion of the first 
transcontinental railroad in 1869, this industry stood on 
the verge of building a national network of railroads whose 
impact on economic development in the United States was 
unequaled. The network not only perniitted individuals to 
.travel from one end of the country to another, it also 
allowed consumer goods to be transported throughout th~ 
country, resulting in the formation of a national consumer 
market. 
• 
· . 
• 
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The growth of the railroad network coupled with the 
creation of a national market produced opportunities for 
growth of other industries such as meat packing, tobacco, 
chemical, mining, and petroleum. These new industries were 
highly complex and demanded careful planning and managing. 
1 The development, planning, and management of these new 
industries required· a new type of entrepreneur, whom Daniel 
J. Boorstin calls "go-getters". One such entrepreneur was 
Samuel William Traylor. 
Samuel Traylor was born in New Waverly, Texas on 
February 6, 1869, to Simpson Elias and Cornelia (White) 
Traylor. The Traylor's ancestors were Huguenots who 
emigrated from France to England. In 1663 Edward Traillour 
left England and settled in Petersburg, Virginia where he 
adopted the new spelling of "Traylor" for his surname. 
Edward Traylor married Martha Randolph and fathered two 
sons Edward and William; according to Samuel Traylor all 
the Traylors in the United States-can trace their ancestry 
to Edward and William. 1 
. 
Simpson Traylor, great-great-grandson-o_f· Edwa~d,. 
followed in the footsteps of· his father and older brothers, 
Dr. John Traylor and Dr. Marion Traylor, and studied 
1 S.W.T. to Charles H. Mattier, April 27, 1934, From 
the unp.ublished papers of Samuel William Traylor (Hereafter 
S.W.T. papers). 
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medicine at the University of Missouri.
2 He graduated in 
1861, but before he could establish his practice, Texas 
seceded from the Union and 
joined the Confederacy. 
Simpson Traylor joined the 
Confederate army and fought 
throughout the duration of 
the war. After the war 
Traylor did not resume his 
medical career because, "the 
horrors of the conflict, the 
I 
privations and hardships that 
it imposed upon him, left him 
a complete physical wreck, 
much. _so that he found it 
. 
impossible to enter the 
- . 
' / 
I 
I .. ' . 
. ' . 
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practice of medicine. 113 Simpson's decision not to pursue
 a 
medical career had a great influence on Samuel Traylor •.s 
life and upon his choice of careers.
4 
2 Samuel w. Traylor, out of the Southwest: A Texas Boy 
(Allentown: George P. Schlicher and Son, 1936), 14. 
Records at the University of Missouri were destroyed by a
 
fire at the turn of the century. However, the Universit
y· 
verified that quite a few Traylor's were enrolled at the 
University-in the 1860s. 
3 Ibid. 
4 
·Ibid. , 15-16. 
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In the years following the Civil War, Simpson Traylor 
moved his family to New Waverly, Texas, where he reared a 
family of six sons and six daughters--Samuel William 
Traylor being his seventh child. In New Waverly Simpson 
worked as a blacksmith's helper. Later, he acquired his 
own blacksmith 1 shop, and by the time his son Samuel was 
born, Simpson owned a grist mill and a cotton gin as well. 
Educated at home by his mother, Samuel achieved an 
educational level equivalent to the sixth grade. After his 
initial education he and his brothers worked in the family 
grist mill. Later in life he would recall the importance 
of this work: "I took great pride in the part that I played 
in the operation of ·that mill--the genesis of a career that 
has carried me into many fields. 115 By the time he was 
twelve years old, Samuel Traylor had learned the value of 
hard work and self-reliance as well as the rudiments of 
• 
several vocations including carpentry, metal working, and 
several other mechanical skills. 
In 1885, at the age of 16, Samuel Traylor determined 
to leave home to, "get away from the humdrum existence in 
New Waverly and get out to see the world. 116 With twenty 
dollars in his pocket Samuel set off for Rusk, Texas to 
obtain work with his sister's husband who was th~ warden of 
5 Ibid. , 24. 
6 Ib:j.d. I 3 9 • 
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a prison. However, his limited funds allowed him to go 
only as far as Jacksonville, Texas. At 6 feet and 2 1/4 
inches tall, he appeared older than his age which allowed 
him to obtain work as a saw filer and carriage runner in a 
saw mill. After three months in Jacksonville, he managed 
to save enough funds to continue his journey to Rusk where 
his brother-in-law employed him as a prison guard. After a 
few days on the job he found that he, "was not cut out to 
be a prison guard. 117 Subsequently he moved on to the 
mining town of New Birmingham, Texas. In New Birmingham he 
found work as a carpenter to help with the building of a 
\ 
new smelting plant. Afterwards he was put in charge of a 
brick mill until the construction of the smelting plant was 
complete. This promotion was a recognition of the strides 
Traylor had made and perhaps was indicative of his ability 
which would contribute to his future success. After the 
completion of the smelting plant and again unemployed, 
Traylor moved on to Tyler, Texas where, with the help of 
friends, he found work as a mechanic and hostler on the 
Cotton Belt Railroad. 
During the 1880s, when Samuel Traylor worked for the 
Cotton Belt Railroad, industry found many new applications 
. 
for the use of electricity, ~articularly electric trains, 
lighting, and telephones. · Young Samuel to6k an immediate 
7 Ibid.,. 46. 
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interest in electricity. Years later he recalled, 
"electricity which at that time was still very much in the 
experimental stages, to me was a miracle. I made up my 
mind that I wanted to know more about it, so I purchased an 
electric dictionary. 118 Additionally he.found a job at an 
electric lighting plant in Tyler, Texas running the engine 
in the night shift. Traylor also assisted in the wirJng of 
homes for the Edison Electric Company. Subsequently, in 
~.,ti 
1888, 9 the Edison Company commissioned him to help install 
an electric ~ight plant in Laredo,·Texas. He was hired to 
"dig the foundations for the engines and set the boilers 
for the proposed electric l·i.ght plant. 1110 It is easy to 
see that Traylor was gaining a varied amount of experience. 
Moreover, the responsibility that he was given indicated 
respect from his foremen and workmen. In addition-, he was 
willing to travel wherever opportunity occured. 
While Traylor labored at the light plant, several 
Laredo businessmen were in the process uf building an 
electric railway. Electric power was already being used 
for street cars in cities such as Richmond, New York, and 
Boston. Laredo's system, however, was the first installed 
west of the Mississippi. After the completion of the light 
8 Ibid. , 49. 
9 The Allentown Rotary Clu,b, The Rotary Smile, V 2, 
Number 36, (Allentown: June 29,1916). 
10 Traylor I Ou·t ot· the Southwest, 50. 
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plant, the Laredo Improvement Company contracted Traylor to 
help construct the electric street railway. The work in 
Laredo lasted roughly a year, and the experience that 
Traylor gained earned him an offer to help install a dynamo 
generator to provide electricity in a mining camp at Nuevo 
• Leon, Mexico. 
With the installation of the· dynamo complete, Traylor 
accepted the job of master mechanic of the electric plant. 
Although aware that the job reqUired more mechanical 
experience then he had, he ''was equally certain that the 
move would be a good one. 1111 He learned quickly, and his 
prior experience as a mechanic and hostler on the Cotton 
Belt Railroad allowed him to bluff his way along until he 
acquired enough knowledge of the system to keep the plant 
running smooth-ly. 
The electrical knowledge he gained in Nuevo Leon 
.. ,· 
contributed to his further success, and in 1890. he was 
asked to supervise the installation of a proposed : 
incandescent electric light plant in Monterey, Mexico. To 
assure the Mexican officials of the feasibility of the 
project, Traylor successfully built a small experimental 
station. This was to be Traylor's first major engineering 
project, and he resolved to demonstrate,,.,-nis initiative and 
'"° .. ~·-·-""\\. . l . . 
reliability. 
11 Ibid~; 54. 
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The building of an electric lighting plant· in 1890 was 
no small pr~ject. Incandescent lighting was still in its 
infancy. Electricity carried over any distance required 
heavy wiring because of the low voltage. This in itself 
was a major task. Traylor additionally lacked experience 
supervising a project of this size. He confessed, ''I knew 
absolutely nothing about calculus, my knowledge even of 
arithmetic was negligible. The [electrical] dictionary 
therefore was the fountainhead of my source of 
information. 1112 Nevertheless, Traylor successfully 
I 
completed the plant. He attributed his success to 
providence and luck, but, instinctive ability may serve 
better to explain his success. Traylor then served as the 
plant's master mechanic until an opportunity arose which 
would be the beginning of his mining and metallurgical 
experience and would lead him toward a career in the mining 
industry. 
Sam Lederer, an American entrepreneur, proposed to 
build a custom ~melting plant in Mexico and offered the job 
.. . . 
of master mechanic to Sam Traylor. Although it was a large 
project consisting of six blast furnaces and several 
' 
refineries, 13 Traylor felt his experience was sufficient 
to undertake the·assignment. "I had sufficient experience 
12 , Ibid., 61. 
13 • Ibiq., 61-62, and The Rotary Smile. 
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in all lines of work that would be required of me and was 
confident. I could handle the job. I had learned to read 
,;, 
drawings, and felt that I was enough of a practical 
engineer to accept his proposition. 1114 After this plant 
known as "La Fondacione · Numera Una'' was completed, a 
representative of the Guggenheim Company of Pueblo, 
Colorado approached Traylor. The Guggeheims were building 
a much larger plant less than a half-mile away. Although 
satisfied with his position, when they offered to double 
his salary, he quickly accepted their offer. 15 
In all probability S~muel _Traylor would have stayed in 
Mexico, but his ambition and good fortune would dictate 
another course. While working for the Guggenheim Company, 
Traylor met William Guggenheim who wrote a letter of 
recommendation and encouraged him to enroll in an 
engineering program at Columbia University. Although 
Traylor desired to go to -Columbia, because of his· lack of 
formal education, he doubted_ that he could pass the 
entrance exam. Still he determined to enroll in a mining 
school. _Subs~quently he procured a letter of 
recommendation to the University of Kansas from a Professor 
MacClenan who taug~t English~in Mexico • 
• 
• 
14 Trayl_or, Out of the Southwest, 63. 
15 • Ibid., 66. 
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In the summer of 1890 Samuel Traylor returned to the 
United States to enroll for the fall semester in the 
engineering program at the University of Kansas. Still 
unsure of his ability to pass Kansas's entrance exam, he 
met with the chancellor and several professors at the 
University, who arranged a tutor. With the help of his 
sister who was a teacher, and with the tutor's assistance, 
he passed the exam. At this time Kansas offered a special 
two year course in assaying, chemistry, and mechanical and 
mining engineering. Traylor by his own admission was a 
"poor student'' and his "experience in college was anything 
but easy. 1116 Nevertheless he persisted and took advantage 
of every opportunity. For example, mechanical training was 
taught by a hands-on method in which the students worked on 
the actual machines. Experienced with the machinery, 
Traylor made an arrangement with the department head, who 
agreed to tutor him, if-Traylor would serve as his teaching 
assistant. 17 Although struggli~g with his studies, he 
ultimately succeeded and graduated in two years. 
In 1892, at the age of 23, Traylor was just out of the 
university and an experienced master mechanic. However, he 
was also out of work and had about two thousand dollars 
left from his savings. Realizing that his first priority 
'• 16 • Ibid., 75. 
i 
17 • •, Ibid., 76, and The Rotary Smile. 
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was to secure a job, he traveled to Pueblo, Colorado in 
hopes of ,finding employment with the Guggenheim Company. 
' ~ 
Unfortunately they declined to hire him on the grounds that 
they had all the men they needed. It was at this time that 
Traylor heard about a gold strike in Cripple Creek. Being 
an enterprising young man he resolved to go to the mining 
camp at Cripple Creek and take advantage of any opportunity 
he migh~ find there. 
When Samuel Traylor arrived in Cripple Creek it was 
still a transient camp composed mainly of tents set up by 
dreamers intending to stay only long enough to strike it 
I 
rich. Two years earlier Bob Womack began the rush when he 
struck pay dirt in what became the town of Cripple Creek. 
As a result of the strike the population of Cripple Creek 
. 
rose from 15 to 50,000 by the end of the decade. • During 
that time Cripple Creek became one of the most profitable 
gold strikes in the United States. 18 
The circumstances at Cripple Creek were ripe for an 
ambitious young man like Sam Traylor to make his fortune. 
Traylo+ established a laboratory and assay office, 
1• 
correctly assuming that there would be a need for his 
service. Regrettably, within a short time after his 
arrival he succumbed to gold fever and squandered what 
• 18 Marshall Sprague, Money Mountain: The Story of 
, 
Cripple Creek· Gold (Boston:_ Little, Brown and Company, 
1953), xii. 
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money he had left on several unsuccessful mining ventures. 
I 
Despite ,the fact that Cripple Creek would become one of the 
most profitable gold strikes, in 1893 "practically everyone 
in the camp was broke, 1119 -including Sam Traylor who was 
. 
eight-thousand dollars in debt and unemployed. 
Again, Traylor found himself in a unfavorable 
situation. He blamed his disastrous venture into mining on 
his own ignorance and determined to do something about it. 
He secured an engineering position with the Colorado Iron 
Works Company. Although the job paid a scant seventy-five 
dollars a month Traylor "accepted in hope that my ability 
would prove itself and automatically result· in increased 
I. 
remuneration." Another motive was a ''desire to learn the 
mining business thoroughly from a practical standpoint. I 
had learned theoretical mining in school. 1120 
The Colorado Iron Works produced structural steel, 
plates, casting, and blast furnaces. While with the 
Col.orado Iron Works Traylor convinced the company of the 
potential profits in building mining equipment. • To acquire 
contracts he proposed that the company build an ore testing 
laboratory to attract potential customers. The laboratory 
proved to be highly successful, and Traylor was promoted to 
sales engineer which required that he travel to mines 
\ 
. 
19 The Rotary Smile. 
20 Traylor,· out of the Southwest, 79. 
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throughout the west. This experience helped to set the 
foundations for Traylor's own company, because his 
customers, ''came to think in terms of Traylor rather than 
Colorado J;.con Works. 1121 
During the years that Traylor worked for the Colorado 
Iron Works, he met and married Belle Binkley of Denver, 
Colorado. This marriage produced three children, a 
daughter and two sons. 22 At that time Traylor began to 
consider forming his own company or acquiring an interest 
in the Colorado Iron Works. When he approached J.W. 
Nesmith, president of the Colorado Iron Works, and inquired 
, . 
about obtaining an interest in the company, he was turned 
down. Nevertheless, he signed another three year contract 
because he felt he was not yet prepared to go out on his 
own. Traylor felt that with further experience and .a few 
more contacts he would be in a better position to start his 
own business. 23 
After his contract with the Colorado Iron Works 
.. 
· expired in 1900, he again approached Nesmith and inquired 
about obtaining an interest in the company. Traylor 
believed "the business of the company was flourishing--
21 I Ibid. , 100-103. 
_
22 The-children were: Samuel W. Traylor Jr., Warren 
Traylor, and Cornelia fraylor who died in 1914. Samuel and 
Belle were divorced in 1917. Samuel remarried; however, 
there were no children from the second marriag~. 
23 Traylor, out of the Southwest, 141. 
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had been ever since [he] started with it, 1124 and that he 
should be rewarded for his efforts. In contrast Nesmith 
did not see a correlation between his company's success and 
Samuel Traylor and therefore refused to offer Traylor an 
interest in the company. Traylor was not surprised and · 
tendered his resignation without regret. He "had reached 
the point in [his] career ~as a mining engineer and 
metallurgist where he had the greatest confidence in his 
ability. 1125 
Anxious to capitalize on his expertise, Traylor 
planned to open a consulting office in New York City. But 
before he left Colorado Mr. N~smith pr~posed that he 
represent the Colorado Iron Works in New York. Traylor 
accepted, and the company agreed to provide a salary of 
$300/month, the rental of an office, and the service of a 
secretary. Additionally he received a 1.5 percent 
commission on the business he obtained for t~e company and 
33 1/3 percent commission on engineering work he performed 
-for them. Undoubtedly, .Traylor was pleased with the 
arrangement. Because he knew that all the customers he· 
made for the Colorado Iron Works were potential customers 
for Traylor's future company. 26 
.i 
.. I 
24 Ibid. I 142. 
25 Ibid. 
26 Ibid•. I 143. 
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As it turned out, Traylor was absolutely right in his 
a~sessment of his potentiali as evidenced in 1901, his 
first year in business in which he netted $40,000. Not 
only did he make more money in one year than in his entire 
career, near the end of the year he also closed the most 
profitable contract of his young company's history. The 
contract would provide $200,000 worth of business to the 
Colorado Iron Works, and $30,000 for Traylor's remuneration 
for engineering servic~. Nevertheless, the Colorado 
Company felt that Traylor's commission was exorbitant and 
refused to accept the contract unless he waived the fee. 
"· .. , 
Traylor refused, and for the second time resigned from the 
company he represented. He then decided to fulfill the 
obligations of the· contract himself. With a $75,000 
: 
'· ,•. . . 
advance from his first contract, he founded the Traylor 
Engineering Com~any in 1903. 27 
• • Traylor determined that his company would differ from 
the competition by building heavier mining machinery. He 
first had to find the right location for a manufacturing 
plant, and subsequently ren~~d a buil~ing in East Orange, 
~ew 1ersey. The building, however, proved to be inadequate 
._,.: 
• ... -~_,, 4 
for.the volume of business _fraylor was receiving, as did a 
second location in Newark. Finally the Tr~ylor company 
. 
27 Traylor Engineering and Manufacturing Company, Our 
Golden .. Anniversary ·year, 1902-1952 (Allentown: George 
Schlicher and Son, 1952) and s.w. Traylor, out·of the 
Southwest, 146. ' 
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began manufacturing in Belleville, New Jersey. Shortly 
after the company fulfilled several contracts, labor 
problems developed. Traylor responded by closing the plant 
rather than give in to the labor demands and prospected for 
' 
another location. 
It was in 1905 that Henry w. Allison, general manager 
of the Aldrich Pump Company, suggested to Samuel Traylor 
that he consider locating in Allentown, Pen~sylvania. 
Traylor recounts his first visit to the site: 
During the course of many visits to the city, Mr. 
Allison took me for a ride in his buggy. Our 
course led to the foot of South Tenth Street, from 
where, pointing across the Little Lehigh River, my 
friend showed me a small brick building, which he 
said had been a foundry ... I was immediately 
impressed with both the location and the 
probability that adjacent ground would be available 
for acquisition as the need arose for exiansion. A 
short time later I bought t·he property. 2 
With the purchase of the site, the Traylor Engineering 
· Company moved its facilities to Allentown in 1905 .. The 
following year they began expanding and built larger 
facilities to meet the demand for heavier equipment. The 
following two years saw the company grow steadily. Traylor 
' 
Engineering closed contracts for mining machinery in Cuba, 
·British Columbia, Utah and Colorado. Just as the company 
. 
28 Traylor, Out of the Southwest, 146-14 7. Traylor' s · · 
acquaintance with Allison began when the T~aylor Company 
did work for the Allentown Rolling Mills, th~ holding 
company of the · Aldrich Pump Company, which manufac·tured 
mine pumping equipment. 
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was experiencing its most successful years yet, and success 
seemed certain, two events occurred which nearly destroyed 
it. 
In 1907 a panic struck the country and business did 
not recover until 1909. The Traylor Company took stringent 
measures to deal with the downturn in business. 
Nonetheless, the loss of business led to insufficient 
working capital. Traylor then turned his attention towards 
procuring funds to use as working capital. He approached 
Charles Schwab, President of Bethlehem Steel, then a 
director of the Bank of North America. Upon S.chwab' s 
suggestion Traylor issued $350,000 six-percent bonds with 
$250,000 of these bonds held by the Bank of North America. 
When the bank failed, Traylor's dilemma lay in liquidating 
his assets to release the bonds. Traylor's only 
alternative was bankruptcy which he managed to avoid for 
two years by liquidating his personal assets. 29 Fina_1iy- ij1 
1909 after exhausting all other possibilities he declared 
• 
29 The bank failed when the principal owner Charles 
w. Morse was accused of diverting bank funds for his 
personal use. Although Morse eventually refunded the 
money, he was convicted nonetheless. He served two years 
before President Taft commuted his sentence. Morse 
-· remained a controversial figure throughout his life; when 
he died in 1930 he was under indictment. s·ee New York 
Times February. 4, 1907, 1, November 7, 1908, January 19, 
1910, 1, and January 13, 1933,- 15. 
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the Traylor Engineering Company bankrupt. 30 
Although the situation did not look encouraging, 
~ 
Traylor was not disheartened. He had experienced adversity 
before and managed to prevail, and he would yet again. 
First he convinced D.H. Burell, a manufacturer from Little 
Falls, New York to advance him $50,000. Burell in turn 
prevailed upon Warren Curtis, general manager of the 
International Paper Company, to do the same. In addition, 
Curtis arranged for the Garfield National Bank to loan 
Traylor another $100,000. Meanwhile the receivers of the 
Bank of North America agreed to discharge the Traylor 
Company's obligation at twenty-five cents on the dollar. 
With his company free of any financial burden Traylor 
reorganized and incorporated the Traylor Engineering and 
Manufacturing Company in Delaware on June 8, 1911. Traylor 
never forgot this near disaster and vowed it would never 
occur again. As he later recalled, "This financial 
experience had a ·good moral effect upon ~he Traylor 
~ngineering Company. Since then I have never allowed the 
company to over-reach reasonable bounds. 1131 
With the reorganization, the company began to prosper, 
and Traylor began to contemplate diversifying. He realized 
~. 
30 The New York Times, ·January 13,1933. Although 
Traylor fails to mention it in his biography, the Garfield 
Bank belonged to Charles w. Morse. It was the first bank 
Morse purchased when he entered the banking business. 
31 Traylor, Out of the Southwest, 201 . 
I 
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"that if we desired to expand, we would have to loaf. to 
other lines of endeavor. 1132 It was during this time that 
' Traylor began to give serious donsideration to the Cement 
-
IJ 
Gun of which more will be said later. Although the company 
was growing, the growth was modest at best; any real effort 
at diversification would have to wait. The wait, however, 
would not be as long as Traylor had anticipated. What 
neither he nor anyone else could foresee was the economic 
impact of World War I on the Traylor Engineering and 
Manufacturing Company. 
The initial effect of the war was ruinous; the 
majority of overseas orders were cancelled as Europe began 
a military mobilization. The Traylor Company was not 
equipped to supply war materials, and the uncertain 
duration of the conflict made conversion of the plant a 
risky venture. Nevertheless, it was no less risky than the 
alternative--to do nothing. On September 1, 1914 Traylor 
called a staff meeting and announced a plan to convert the 
plant to manufacture munitions, primarily shells. 33 
When Traylor resolved to manufacture shells, he 
contacted General Henry Trexler of Allentown and James 
Phillips of New York City for advice and assistance. They 
were well acquainted with Sir Robert Porter, the editor of 
32 Traylor, Out of the Southwest, 203. 
33 , Ibid., 209. 
48 
, ··-: •.,, ' 
. . . ~- .- ,-J- .... ,, ... ,_. 
t, - .~,. -
.· t;: 
·the London Times and Lord Northcliff, the Times owner. 
Trexler and Philips wrote a letter of introduction for 
Traylor and advanced him $1,100 to defray the cost of the 
trip to England. 34 
On November 1, 1914 Traylor embarked for England. He 
met with Porter and Northcliff who introduced him to the 
admiralty's negotiators, Herbert Kelchner and David Lloyd 
George. Upon accepting Traylor's offer to manufacture 
munitions, Kelchner referred him to Colonel Bingham to work 
out the details of the agreement. After initial 
disagreement concerning the cost of the shells, they 
eventually agreed on a contract and signed it at the end of 
.the year. The contract called for the Traylor Engineering 
and Manufacturing Company to supply one million eighteen-
pound shells at ten dollars per shell, to be delivered by 
January 31, 1915. 35 
The pressure of negotiating the contract left Traylor 
with little opportunity to rest, resulting in a physical 
34 Traylor down plays the importance of Trexler and 
Philips. However, both Trexler and Philips received roughly 
a half of a million dollars for their initial investment 
which would indicate that they were instrumental ~n 
Traylor's success. See The Philadelphia Inquirer, June 13,· 
1920. Also see Caylor to S.W.T., April 13, 1921, S.W.T. 
papers. 
35 See G~ B. Lovingood, For the Glory of ·America 
(Philadelphia: Franklin Printing Co.,. 1919). H~~bert 
Kelchner is identified as the Admiralty's negoti~tor in 
Robert Allen Hessen, Steel .Titan: The Life of Charles 
Schwab (New York: Oxford UNiv. Press, 1975), 212. 
49 ..... ' 
breakdown upon his return to the United States. After a 
short hospitalization he found strength to again travel to 
England and successfully procure more work for the company. 
He was awarded contracts for 100,000 four-inch high-
explosive shells and 60,000 five-inch high explosive 
shells. Success in England induced other companies to 
employ him as a representative. Traylor's most notable 
success was with the Crucible Steel Company. He secured 
$11,000,000 worth of work for them of which he earned 
$1,000,000 in commission. 36 
Clearly, the years 1915 and 1916 were unprecedented in 
the history of the Traylor Engineering and Manufacturing 
Company. The company had well over $10,000,000 in business 
~ 
on munitions alone, and they were still producing and 
'selling mining equipment as well. An indication of the 
optimism and conditions of the company is discernable in a 
letter from s.w. Traylor to his brother John dated February 
20, 1916. 
I have not written you ... on account of a great 
rush of business at the end of January. You know 
our contract ·for a million shells was to be 
completed by January 31st. We finished about the 
~
6 The Crucible Steel Company could not fulfill its 
contractual obligations to Great Britain, consequently they 
were not paid in full. They then refused to honor their 
contract with Traylor. However, the courts ruled in 
Traylor's favor, and he received payment in full. See New 
York Times, May 18, 1919: 12, May 21, 1919: 11, and January 
13, 1922: 17. In his autobiography Traylor does not 
mention that James Phillips was due a portion of the amount 
due Traylor. See F.R. Crispen to s.w. Traylor, July 27, 
1918, S.W.T. papers. 
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29th and everyone feels greatly relieved. I 
believe this is the only contract of this magnitude 
that has been finished ahead of time. _ 
We have on hand now a new five inch contract 
and also the four inch contract that was secured 
sometime ago. I am expecting to go to Europe early 
in March for the purpose of closing business. The 
business we have on hand, however, will keep us 
going.until June. 
We are just completing plans for our new w· 
factory. This is going to cost about a million and 
a quarter. We have just purchased all the land 
south of our present plant ... We are working night 
and day in all departments. Business seems to be 
going from all quarters. We are going to try and 
keep pace with the increase in business even though 
we have to secure help from the outside. 37 
The United States government also consigned business 
to Traylor Engineering. When the war began the government 
organized the U.S. Shipping Board and the Emergency Fleet 
Corporation to ensure the transportation of supplies to the 
expeditionary forces in Europe. One of the Fleet 
Corporation's main tasks was to build ships; they called 
for proposals to be submitted for approval. Taking 
advantage of yet another opportunity, Traylor quickly 
incorporated the Traylor Shipbuildin~ Corpciration on June 
12, 1917, at Cornwalls, Pa. and submitted a proposal which 
the Shipping Board approved. The formation of.the company 
. ~. ~ \ . 
·~ 
and details of the contract are related in a letter from 
Samuel Traylor to his brother John dated May_ 16, 1917~ 
37 
'· 
I have just purchased some large ship yards on the 
Delaware River. I have ~aken a contract for twenty 
ships from the government. This corporation will 
be known as the Traylor Shipbuilding Corporation 
s.w.T .. to John Traylor, February 20, 1916, S.W.T. papers. 
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and all the machinery will be built in Allentown 
•.. this plant is eighteen miles from City Hall in 
Philadelphia. 38 
The Emergency Fleet Corporation, in fact, contracted with 
Traylor for ten wooden ships and forty-seven 1400 horse 
power marine engines. All the contracts were completed and 
delivered within the allotted contract time. More 
contracts in all likelihood would have been forthcoming had 
the war not ended. Nevertheless, the immense profits 
realized during the war years allowed the company to 
diversify and all but ensured its success. 
The year 1919 marked the end of an era in the life of 
Samuel Traylor and the Traylor Engineering and 
Manufacturing Company. During that year the company 
reached its apex; it would never again experience the type 
of growth and success it had sustained from 1915 to 1919. 
Owing to the management skills of Samuel Tray'ior · the 
company grew from an insignificant mining equipment 
manufacturer to a major player in the field with a world 
wide reputation in several different areas. The extent of 
the company's success is evidenced in its holdings which 
consisted of the Traylor Engineering and Manufacturing 
Company and its subsidiaries: Traylor Shipbuilding 
Corporation, the Cement Gun Company, The Traylor-Dewey 
Contracting- Company, Traylor Realty, and the Carlton 
38 S.W.T. to John Traylor, May 16, 1917, S.W.T. papers. 
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Company, a fiduciary. Traylor also built an1 operated the 
. "·""---·---
Hotel Traylor in Allentown, Pennsylvania, but it was not 
considered part of the Traylor interests: it was owned and 
operated by the family. 
The spectacular success of the Traylor Manufacturing 
and Engineering Company from 1903-1920 testifies to 
Traylor's .abilities as an entrepreneur. His career 
incorporated many of the qualities of an entrepreneur as 
summarized in the first chapter. Traylor had the ~bili~y 
53 
to identify a problem, seek a solution, and then 
incorporate the solution successfully. The exploitation of· 
the cement gun was an excellent example of Traylor's 
entrepreneurial ability. Before turning to the details of 
that story, a brief postscript on the subsequent years of 
I 
the Traylor company's history is in order. 
Although the Traylor company continued to prosper and 
even to diversify, Traylor himself was never able to 
capitalize on new entrepreneurial opportunities in the same 
way he had with the cement gun. For example, in the early 
1920s he entered the truck and tractor manufacturing 
business, but by the mid-1920s after substantial losses, he 
was already abandoning the field. 39 
Notwithstanding the truck and tractor fiasco, the 
other Traylor interests prospered. Samuel Traylor 
continued to display the excellent administrative ability 
. 
responsible for'the company's success. His business acumen 
allowed him to accept the losses and to withdraw from an 
ill advised venture. This personal doctrine of caution and 
aggression, that can be traced to 1909 and the company's 
eracounter with pankruptcy, enabled the company to withstand 
the shock of the Great Depression in 1929. 
39 Traylor·, s venture into the "automobile" business, 
although deserving of more attentiori, is beyond_the scope 
of this paper. Suffice· it ·to say that, according to 
Traylor, the venture failed because, "tractor manufacturing 
was so utterly different from our regular work." See 
Traylor, Out of the-- Southwest, 234. -• 
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Although the company suffered financially during the 
early 1930s, it was able to withstand the financial 
pressures of the depression. By the mid-1930s Traylor 
managed to stabilize business to the point where he 
considered semi-retirement. After a serious illness in 
1936, he turned most of the business interest of the 
company to W.J. Roberts and his son, Sam Traylor, Jr. 
lraylor then spent the majority of his time traveling 
between his home in Florida and his office in the Hotel 
Traylor where he managed his real estate interests and 
presided over board meetings. 
With the start of World War II, Traylor offered the 
facilities of the Traylor Engineering and Manufacturing 
Company for government war production. ·However, he no 
longer had the drive, stamina, nor the contacts in 
Washington or London to procure business equal to that of 
World War I. Nonetheless the company did engage in 
government work a~d realized a profit in the war years. 
After the. war Traylor retreated to his home in Florida 
where he spent the remaining two years of his life. He 
. died on November 12, 1947 in Stuart, Florida. 
In the 79 year~ of bis life Samuel Traylor managed to 
organize a remarkably extensive operation, e~tablishing a 
company with a worldwide reputation for quality and 
reliability. W.J. Roberts and Samuel Traylor, Jr. operated 
• the company until 1960 when Traylor Engineering and 
55 
the company until 1960 when Traylor Engineering and 
Manufacturing Company was sold to the Fuller Company of 
Allentown, Pennsylvania. Subsequently the Hotel Traylor 
was sold in 1967 upon the death of Samuel Traylor, Jr. The 
Cement Gun Company is presently owned and operated by W.J. 
Roberts, Jr., and it is now called Allentown Pneumatic Gun. 
' ' ' e., .. 
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Chapter III 
Carl Ethan Akeley: The Cement Gun 
and the Process of Invention 
The century after the Civil War marked an accelerated 
growth rate in American industry propelled by new 
technologies. Introduction of the Bessemer process reduced 
the cost of manufacturing steel which resulted in an 
expanded use of steel in the construction industry. 1 _By 
• 
the turn of the century the "application of steel to supply 
the tensile deficiency of concrete"2 contributed to the 
unprecedented growth in the use of reinforced concrete. 
The difficulties encountered in pouring concrete, and 
in particular when attempting to pour it overhead and in 
large quantities, such as in constructing bridge arches, is-
readily evident. If the concrete is thin enough to pour, 
1 Daniel J. Boorsti.n, The Amer·icans: The Democratic 
Experience (New York: Random House, 1973), 337. 
2 Francis G. Wickware, ed., The fimerican Yearbook: A 
Record of Events and. Progress 1913 (New York and London: D. 
Appleton and Company, 1914), 582. 
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gravity will separate the mixture before it hardens. On 
the other hand, if it is too thick, it will not properly 
fill all the spaces in the mold. 3 An attempt to solve the 
problem involved spraying cement by utilizing compreised 
air. Before a workable apparatus for applying cement 
pneumatically could be put on the market several problems 
.,J 
required solutions. The primary problem concerned forcing 
wet cement through a hose without clogging. Carl E. Akeley 
solved this problem with his invention known as the "cement 
gun." Akeley was renowned as a naturalist, a sculptor, and 
an inventor, although his principal occupation was 
taxidermy. It was his experience in this latter area that 
served as the catalyst for his major inventions. The 
invention of the cement gun may best be understood by 
' 
examining the life of Carl Akeley, the inventor. 
Carl Ethan Akeley was born on May 9, 1864 near 
Clarendon, Orleans County, New York. Educated at :the State 
Normal School, Akeley did not initially display.:an 
inventive. nature. However, he was raised on a farm, which ·, I 
nurtured mechanical skills, -self-reliance and 
inventiveness. These characteristics were imbued in Akeley 
at ~nearly age, and contributed tq his proclivity towards 
r,
3 Robert H. Moul ton, ''Houses Shot· From Guns, '' 
Technical World 15 (August, 1911): 652. Also see William A. 
Jordan, ''The Cement Gun,'' Journal American Society of 
Engineering c.ontri;Jctors 3 (December, 1911) : 408-410. 
Jordan ·examines six·conditions which restricted the use of 
. concrete . 
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inventing during his adult life. 
At the age of thirteen Akeley recalled that, "for some 
reason or other I was always more interested in birds and 
chipmunks than in crops and 
cattle. 114 He purchased a 
book on taxidermy by 
Professor J.W.P. Jenks, and 
began visiting the local 
taxidermist, an Englishman 
named David Bruce, in an 
attempt to learn how to mount 
his bird specimens. Bruce 
taught Akeley the 
. 
fundamentals of the art, 
which at the time were not 
unl_ike upholstering a chair. 
To create a more realistic 
·cARL E. AKELEY -
background for his mounts·Akeley also took art lesson~.
5 
4 Carl Ethan Akeley, In Brightest Africa {Garden City, 
New York: Garden City Publishing Co., Inc., 1920), 1. Also 
see "Carl Akeley's Own Story," Mentor 13 (January, 1926): 
179; ''The Autobiography of a Taxidermist," World's Work 41 
(December, 1920): 179; and The:New York Times December 1, 
1927. I" 
5 See Frederic A. Lucas, "Akeley as a Taxidermist: A 
Chapter in the History of Museum Methods," Natural History 
27 (March-April, 1927) : _143 4 Akeley, In Brightest Africa, 
• 
• • • • 
1-2; Akeley, "The Autobiography of a Taxidermist,'' 179; 
·oorothy s. Greene, "Carl Akeley-Sculptor-Taxidermist," The 
American Magazine of Art 15 (March, 1924): 125. 
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This early experience with taxidermy laid the foundation 
for Akeley's success in various fields. His achievements 
as an inventor, hunter, sculptor, and conservationist 
developed from his devotion ''to improving taxidermy in 
every branch, artistic, mechanical, scientific and above 
all he strove to make its results permanent. 116 
Akeley's formal education as a taxidermist began in 
1884 when at the age of nineteen he sought employment at 
Ward's Natural Science Establishment in Rochester, New 
York. Ward's establishment supplied the mounts for all the 
major museums in the United States and "Professor Ward was 
the greatest authority on taxidermy of his day. 117 
Additionally, the leading practitioners of the art who 
associated with the major museums in the United States 
trained at Ward's. 
Notwithstanding the reputation of Ward's 
establishment, it offered little opportunity for persons 
like Akeley to express themselves artistically. The work 
at Ward's was generally concerned with the preparation of a 
• 
single specimen and allowed little room for experimentation 
by the students. Moreover, Ward used the least costly 
method to maximize profits. This method not only resulted 
6 Lucas, Akeley as a Taxidermist, 142. Also see 
"Sculptor and Biographer of the African Wild," The Literary 
Digest (December, 1926): 42. 
7 Akeley, In Brightest Africa, 3. 
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in poor mounts, but also led to deterioration within a few 
years. Akeley describes the Ward method in his memoirs: 
We treated the skins with salt, alum, and arsenical 
soap. Then the bones were wired and wrapped and 
put in his legs and he was hung upside down, and 
the body stuffed with straw until it would hold no 
more. If then we wished to thin the body at any 
point, we sewed though it with a long needle and 
drew it in. Now to do this no knowledge of the 
animals anatomy or of anything else about it was 
necessary. There was but little attempt at 
grouping, and no accessories in the shape of trees 
or other surroundings. The profession .. · .turned 
out at that time to have very little science and no 
art at all. 8 
Prior to Akeley's arrival at Ward's, displaying mounts 
consisted of arranging them haphazardly in a cabinet-type 
of display with little regard for scientific accuracy and 
realism. By the time Akeley arrived at Ward's the diorama 
method was prevalent throughout the major museums in the· 
United States. Few, however, reached the level of 
scientific accuracy and realism that Carl Akeley sought to 
• 
achieve. 9 This was due in part to a lack of anatomical 
knowledge and artistic skills coupled with the prohibitive 
costs of building dioram~s which met the degree of realism 
Akeley demanded of himself. 
By 1888 Akeley became so discouraged with his work at 
Ward's that he began -considering a teaching position at the 
Sheffield Scientific School. However, his friend William 
8 Ibid. 4. 
9 Marshall Schwartzmani, ''Jungle Maintenance, 11 Natural 
History 94 (November, 1985): 84-91. 
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Wheeler subsequently received an appointment at the 
Milwaukee Museum and Akeley joined him. After Wheeler's 
appointment as director of the museum, Akeley was allowed 
more freedom to experiment. To improve his technique he 
studied anatomy, concluding that to get an animal's skin to 
fit his model correctly he had to have an accurate 
knowledge of the animal's anatomy. 10 
After working at the Milwaukee Museum for seven years, 
Akeley received an appointment to the British Museum of 
Natural History. Before going to England, Akeley made 
several visits to the Field Museum of Natural History in 
Chicago to view their exhibits. During one of his visits 
to the museum Akeley met Professor Daniel G. Eliot, the 
museum's curator of zoology who offered Akeley a job which 
he readily accepted. The Field Museum granted Akeley 
studio space in a house that had been part of the Columbian 
Exhibition. It was in this studio that Akeley developed 
his most successful inventions. 11 
During his time at Milwaukee, Akeley formulated the 
10 See Akeley, In Brightest Africa, 8; Akeley, "Carl 
Akeley' s Own Story," 24; Lucas, "Akeley as a Taxi.dermist," 
148; and William Mortan Wheeler, "Carl Akeley' ·S Early Work 
and Environment," Natural Hi-story 27 (March-August, 1927.)-: 
138. 
11 
_Akeley,.In Brightest Africa, 81. Also see Clarence 
L. Dewey, "My Friend -,Ake'," Nature Magazine (December, 
1927): 390. Akeley was considered for a position at the 
British Museum of Natural History by Sir William Fowler 
upon the recommendation of William Weeler. See Wheeler, 
"Carl Akeley's Early Work and Environment," 139. 
62 
' 
idea for a diorama ·entitled ''The Four Seasons. '' This 
diorama would show the animals in their natural 
surroundings during the summer, fall, winter and spring. 
After leaving Milwaukee Akeley proposed the Four Seasons to 
the Field Museum which readily approved the proposal. The 
Four Seasons proved to be the catalyst for Akeley's first 
significant invention. This invention involved a new 
method of mounting animals which became the standard method 
adapted by the museums in the United States. 
It took Akeley four years of research and development 
on the Four Seasons to perfect his method. Akeley had 
"invented" or experienced the moment of intuition when he 
realized that a representative model of the animal was 
necessary to fit the skin on. Therefore a study of animal 
anatomy was necessary to create a more realistic model. 
His method was simple: build a life size clay model similar 
to a bronze model. (For accuracy's sake, however, he used 
·the skul~ and leg bones of the _animals). To further ensure 
realism and accuracy Akeley cross referenced with 
measurements taken of the animals prior to mounting and 
from photographs of the subject: in the field. 12 
Although the method seemed simple, several problems 
had to be unraveled before the method was perfected. The 
12 Akeley, In Brightest Africa, 11-12. Also see 
Greene, "Carl Akeley-sculptor-Taxidermist," 127; "Museum 
Notes," Natural History 15 (1915): 431. 
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main problem concerned developing a material (to build the 
model) that would not be affected by heat and moisture and 
I 
remain strong and durable. After much experimentation 
Akeley found that papier-mache reinforced with wire cloth 
and shellac met his needs. However, papier-mache itself 
posed a problem; it could not be readily molded. • So again 
Akeley was confronted with 11 inventing" a process that would 
make his original idea a reality. The moment of intuition 
occurred "one day when [he] was riding into town to go to 
the museum. 1113 Akeley describes the process in his 
• memoirs: 
It was to take the plaster mold of the clay model 
and coat the inside of them with glue. On this 
glue I laid a sheet of muslin and worked it 
carefully and painstakingly into every undulation 
of the mould. On this went thin layers of papier-
mache with the wire cloth reinforcement likewise 
worked carefully into every undulation of the 
mould. Every layer of the papier-mache composition 
was carefully covered with a coating of shellac so 
that each layer, as well as the whole, was entirely 
imperious to water ... when the final coat of 
shellac was well dried I immersed the whole thing 
in water. The water affected nothing but the thin. 
coating of glue between the mould and the muslin. 
That melted and my muslin-covered, reinforced 
papier-m.ache sections of manikin came out of the 
plastic mould clean and perfect replicas of the 
original clay model. 14 
While associated with the Field Museum Akeley made 
several trips to Africa to gather specimens for the museum. 
Realizing "that much of the wild life in Africa would soon 
13 Akeley, In Brighte~t Africa, 12. 
14 Ibid. , ·13. 
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be extinct, " 15 Akeley determined to preserve some record 
of African wildlife in its natural state. To this end, and 
to ensure the accuracy of his mounts as well, he endeavored 
to capture the African wildlife on film. 
In 1909 Akeley went on an expedition to Africa 
sponsored by the American Museum of Natural History which 
had employed him earlier that year. He took along a motion 
picture camera to record the Nandi spearing lions, and also 
to record wildlife as a source of reference. The motion 
picture camera of that time was a large object, usually 
made of wood and requiring its own carrying case, as well 
· as accessories, such as tripods and lenses. In addition, 
it was stationary. That is, it was not built to follow the 
action, which is a necessity when attempting to film 
animals in the wild. Akeley discovered this fact when he 
first attempted to utilize the conventional camera in 
Africa. He concluded, "you can't stage a native lion hunt 
with any certainty for neither lion nor the native once the 
. 
action begins, pays any attention to the movie director. 1116 
. 
Clearly a need was identified. Akeley required a camera. 
that was small, portable and could be maneuvered in such a 
15 Literary Digest, (May 30, 1936): 18. 
16 Akeley, In Brightest Africa, 166. For more on the 
Akeley camera see F. Trubee Davison, ''Akeley the Inventor," 
Natural History 27 (March-April, 1927): 127-128; Clyde 
Fisher, "Carl Akeley and his Work," The Scientific Monthly 
24 (February, 1927): 109-111. 
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way as to allow the operator to follow the actions of the 
animals in the wild. 
Furthermore, it had to be 
impervious to the elements. 
Upon his return to New . 
~ 
York, Akeley proceeded to 
build a prototype of the 
camera he had conceived 
while in Africa. Then 
began a period of research 
and development, which was 
to continue until the end 
of the decade. Akeley 
received a patent on the 
Camera in 1915 Wh i 1 e it Wa S The' first rnndd of thr :\krll'y Cn1ncrn1 which was patentrd in HHG 
still in the development stage. Despite its imperfections 
. 
it was far superior for outdoor .filming to any of the 
conventional models, because it was a one man camera for 
which one person could also carry all the essential 
accessories. Secondly, its metal construction made it less 
susceptible to damage and the elements. HoweVer, its most 
distinguishing feature was described in Scientific American 
as follows: 
perhaps its greatest point of variance from 
conventional practice is the suspending of the 
camera proper by a ball-and-socket joint. The 
joint may be freed or lightened, and serves 
automatically to level the camera, irrespective of 
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the adjustment of the tripod legs. 17 
Other features of distinction included dual lenses; one for 
filming and the other for the operator enabling him to view 
exactly what was being filmed. To ensure that the eye 
piece was always in position, Akeley incorporated a "double 
prism" system of transmitting the image through the hinged 
tube. 18 Furthermore, he utilized an adjustable lens 
' 
shutter to compensate for insufficient lighting and film 
cartridges to facilitate loading. 
Although Akeley built the camera to meet his own 
needs, its value was soon recognized by others. The first 
to.take advantage of the Akeley camera for outdoor 
cinematography was the United States Army Signal Corps. 
They adopted the camera during the First World War to 
document the army's participation in the war. It was also 
employed by the National Geographic Society, the American 
Museum of Natural History, and the MacMillan Arctic 
Expedition. Additionally it was used·to film-several 
movies and to record the Dempsey-Carpenter f·ight. 1~ 
. 
17 
"A Motion-Picture Camera of Rad·ical Design," 
Scientific American 113 (September 25, . 1915) : 276. For_ 
further information see Scientific American 118 (March 2, 
1918.) :· 1_94; and "A Camera for Filming Rapidly Moving_ 
Objects," Scientific American 120 (March 29,--1919): 315. 
tl 
18 Scientific American 120 (March 29, 1919) : 315. 
19 Akeley, In Brightest Africa, 167-168; and "Motio!} 
Picture Camera that is Different," Scientific American 118 
(March 21, 1918): 194; ''Museum Notes," Natural History 18 
(November, 1918): 619. 
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An analysis of Akeleyvs inventions indicates that the 
three major steps in the invention process are applicable 
to Akeley. The three steps as described in the first 
chapter are invention (eureka moment/moment of invention), 
development (research and development), and innovation 
(diffusion of the invention into the market place). 
Akeley's desire for a more realistic mount for animals led 
to the invention of a new- mounting process. The moment of 
intuition occurred when he realized that a carbon-copy 
model of the animal was necessary to achieve the realism he 
demanded. 
/. 
Finding a suitable material to construct the 
model during the research and development phase culminated 
with the development of the papier-mache method described 
·above. Diffusion in this particular case was limited 
because of the restricted use of the process by the major 
m·useurns. 
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Similarly the Akeley camera originated from a need 
created by the impracticality of the conventional motion 
picture camera for filming animals in the wild. Mentally 
Akeley "invented" the camera prior to leaving Africa. 
While in Africa Akeley noted in his memoirs, "In order to 
have even a fair chance of following action with a camera 
you need one that can aim up, down, or in any direction 
with about the same ease that you can point a pistol. 1120 
The period between the invention in 1909 and the issuance 
of the patent in 1916 indicates a lengthy period of 
development. Despite the patent, the camera was far from 
perfected and Akeley continued to receive patents for 
improvements to the camera until 1919. 21 The diffusion of 
the camera rested with its superiority for filming action 
scenes, as well as its use by the Army Signal Corp, which 
verified its superiority over conventional motion-picture 
cameras. 
· · Notwithstanding the success of the camera, Akeley's 
-~ 
most successful invention was the "cement gun" because it 
was his most profitable and, because, it is still in use 
today with but a few minor adoptibns. Similar to Akeley's 
.other inventions, the g~nesis of the cement gun can be 
traced to his interest in taxidermy. 
·, 
20 
.Akeley, In Brightest Africa, 166. 
21 The camera was initially patented on May 2, 1916. 
See The Patent Gazette 226 (May, 1916): 36, 223, 1469. 
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During the years that Akeley worked for the Field 
Museum his studio was located in one of the old Columbian 
Exposition buildings. The building's facade itself was 
made of stucco which kept peeling off, giving the building 
a disreputable look. The museum attempted to repair the 
building within its limited financial means with 
insignificant success. 22 The work- that was occurring on 
the extsrior of the building could not have escaped 
Akeley's attention. In all probability Akeley's cement gun 
owes something to the earlier attempts at repairing the 
building. An examination of the invention may shed some 
light on the evolutionary process pertaining to the cement 
gun. 
Exactly when the cement gun was invented is difficult 
to ascertain. Several accounts relate when and how the gun 
was invented. The most commonly believed version is that 
Akeley was attempting ''to f_ind a rapid and economical 
method of building up forms over which the skins of large 
.. 
animals migh·t be stretched, when he hit upon the idea of 
spraying rough frames with Portland cement. 1123 But· 
Clarence L. Dewey, who served as Akeley's assistant, 
22 Fields Museum of Natural History, Annual Report of . 
the Director of the Board of Trustees: For the Year 1908 
3, (Chicago: January 1909): 219. 
23 Ralph c. Davidson, ''The Cement Gun: Plaster Work 
Done with a Hose," Scientific American 106 (January 13,. 
1912): 44. 
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relates a different version of the story. Dewey asserted 
that in 1907 while assisting Akeley at the Fields Museum, 
they werera~proached by F.J.V. Skiff, the museum director. 
Skiff complained that he could not hire a contractor who 
would be willing to repair the outside of the museum. At 
the time Dewey was working with a compressed-air machine 
painting imitation rocks for an Akeley exhibit. Taking 
notice of the machine the director asked Dewey and Akeley 
if they could build a machine to spray plaster of Paris. 
Theoretically the plaster could then be sprayed to the 
exterior of the building, serving as an effective means of 
repair. 24 
Akeley's version of the story is contrastingly 
different. He contends that the condition of the Columbian 
Exposition building was such an eye-sore that it elicited a 
complaint from- the city's parks department. A museum 
official off-handedly asked Akeley how they could repair 
the building at_a reasonable cost. Akeley gave the 
question some thought, until he solved the problem. The 
moment of intuition is related by Akeley in his memoirs: 
In the many experiments of one kind and another 
that I had tried in working out methods for manikin 
making I had among other things used a compressed 
air machine. It occurred to me that,it would be 
possible to make an apparatus on this principle 
that would spray a very liquid concrete on to the 
, 
24 Dewey, "My Friend 'Ake' , " 391. 
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side of a building. 25 
Given the level of contemporary technology, building 
the machine did not seem problematic. It simply involved 
mixing water and plaster of Paris in a pressurized 
container and spraying it out in a hydrated state. Yet, 
the prototype machine constantly jammed. Jamming occurred 
because the plaster and water were mixed in the pressurized 
container, and when forced through the hose, the mixture 
would invariably clog because of its density. This problem 
increased relative to the length of the hose. Akeley 
solved this dilemma by designing a machine that handled dry 
plaster. In this design the mixing of cement and water 
occurred in the nozzle. 
Shortly after a wor~ing model was built, the exterior 
of the Columbia Exposition building was repaired: 
At first, and for several months, the results 
seemed undeniably successful both in holding to the 
plaster and in preserving a uniform color, but the 
lifeless plaster,· the decayed fibre of the staff, 
would not hold the hardened liquid. 26 
Although, at the time, it was not clear to Akeley and 
others who would attempt to exploit the machine, the 
~ 
preparation of the surface and the application of the 
mixture was extremely important to achieve the desired. 
result. This problem plagued the cement gun and hindered 
2
.
5 Akeley, In Brightest Africa, 164. 
26 Fi~lds Museum of Natural History, Report -~o the 
Directors of the Board of Trustees, 219. 
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its diffusion into the market place until the mid-1920s 
when expertise was finally achieved in this area. 
Akeley's version for the invention of the cement gun 
is perhaps more creditable. Still it does not fully 
clarify the process of invention itself with regard to the 
cement gun. How did Akeley conceive of spraying plaster of 
Paris to build models in the first place? Where and how 
was he exposed to the use of a compressed air machine? How 
did the machine evolve? By examining the patents of the 
Cement Gun Product Company a clearer picture of the actual 
order of events may be discerned. 
Akeley realized that he did not have the expertise nor 
the finances to market the machine successfully. After 
approximately three years of attempting to generate public 
interest he succeeded in finding several backers. In 1911 
they incorporated the Cement Gun Product Company, to 
manufacture the gun, and the General Cement Gun Company 
market the machine. Those ownin.g stock ... in the General 
Cement Gun Company were: John E. Shepherd, Robert L~ 
McElroy, Carl E. Akeley, Charles A. Cooper, Garret D .. 
Cooper, Wallace B. Wolfe, and Worth E. Caylor. (The 
. ,. . 
available records do not indicate exactly who the 
stockholders were.) In an attempt to protect the invention 
from possible infringement suits they purchased the 
• I 
··foilowing patents: (773,665 and 783,218) sand-blaster 
apparatus invented by John D. Murray, patented Nov.1, 1904 
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Fig I. Sand blast apparatus invented by John D. Murray. 
Patent granted February 21, 1905 . 
• 
and Feb. 21, 1905; (839,483) sand-blaster nozzle invented 
by William H. Kelly patented Dec. 25, 1906; (984,254) 
. 
process of producing and depositing plastic adhesive 
mixture invented by earl E. Akeley patented Feb. 14, 1911; 
.. 
" .... 
and (991,814) apparatus for mixing and applying plastic 
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.. , !.lftaTED DEC. 25, 1901 . • 
W. I. [ELLY. 
BARD BLAST NOZZLE. 
AIPLJOATIOI nu» 1,0.11.1111. 
. I 
12' 
flh2. 
Fig.II. Sand blast nozzle invented by William H. Kelly. 
Patent granted December, 25, 1908. 
·-
a dh es iv e materials, inverited by Carl E. Akeley patented May 
9, 1-91·r·:-- · Purchase of these patents indicated that Akeley 
owed something to the Murray sand-blaster and the Kelly 
nozzle. 
While Akeley was·at the Fields Museum it is not 
., 
unlikely that the sand-blaster was used i.ri· the various 
att~mpts to repair the exterior of the building. The use 
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Fig. III. Process of conducting and depositing plastic adhesive mixture. 
Invented by Carl E. Akeley.· Patent granted February 14, 1911 
of this machine could not have escaped Akeley's attention, 
and he probably ut~lized the principles of the sand-blaster 
·, 
to apply plaster-of-Paris for models while in the 
,. development stage of the taxidermy pro.cess. It was later 
that he would connect the principles embodied in the sand-
. ' ~ .. . 
. 
blaster to the application of cement. Although_ it is not 
. .... :.,: 
76 
' . 
• ~ ·~ ,,•' -- -·. ,>· .... 
. \ 
• 
A 
B 
. Fl EXIBll rlOSr 
)TT/1CH!IJ H[~l ....-------
C 1)1 
• 
.. 
ffl-lf EL ·Z ,. 
A I ff 
MOTOJ? 
Fig. IV. Sectional Drawing of the Cement Gun and details of the nozzle and feedwheel • 
• 
conclusive that Akeley was exposed to the Murray and Kelly 
. 
inventions prior to the invention of _the cement gun, the 
. purchase of the Murray· and Kelly patents· _is c~nvincing 
evidence that h~ was familiar with them. In addition, the 
-
.similarities between the Murray sand-blaster a~d the Akeley 
cement gun are undeniable. Both of them handle a dry 
mixture ·in the hopper, both use a single hopper machine, 
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and most importantly, hydration occurs in the nozzle. 
The patent applications also reveal the research and 
development that occurred between the initial applications 
for process and depositing and for the apparatus. Two 
noteworthy improvements are evident. First, the original 
machine consists of a single chamber. This would limit its 
use because the machine would constantly have to be shut 
down and reloaded. In contrast, the second patent reveals 
a dual chamber machine. The dual chamber would allow the 
upper chamber to be refilled while the lower chamber was in 
use; therefore, the machine could be kept in continuous 
use. The second development, which involves the placement 
of the feedwheel, is not as readily evident from an 
examination of the diagram. In the prototype, the 
feedwheel is placed vertically, while in the second patent 
the wheel is in a horizontal position. This horizontal 
feedwheel allowed for improved control. It divided the 
mixture into small amounts before -introducing it into the 
air stream thus preventing ci6gging. 
The feedwheel was the most important technological 
development other than the nozzle. It differentiated the 
cement gun from. the s~n<l:-b_la"ste:r;. A sand-blaste~. is simp~y 
a compressed-air machine with a hose through which sand is 
forced. ~However, when cement is mixed with sand th~ s~nd · 
must be moist; this makes it difficult to force the mix 
through the hose. 
I 
The feedwheel solved this problem by 
• 
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/ breaking up the mixture before it was introduced into the 
hose. It also regulated the quantity of mixture which 
would somehow have to be regulated in the nozzle. Without 
a feedwheel it would be difficult to apply the proper 
mixture and to arrive at the proper results. 
The General Cement Gun Company chose to market the gun 
by selling licenses to select retailers. To interest 
potential customers they exhibited the gun at the 1911 
Cement Show in New York City. The gun made a good 
impression at the show, in particular because of its 
simplicity. As described in a press release, 
the operation consists in filling the lower hopper 
or chamber with a dry mixture of sand and cement, 
closing the valve between it and the upper or 
charging chamber, admitting air to the lower . 
chamber, and as the feed wheel revolves the motor 
is driven from the feed pocket in the rim of this 
wheel through a hose to the point of deposit. Then 
service is made continuous through the medium of 
the upper hopper, since with the two valves it is 
possible to put this chamber under pressure or not 
as the operator chooses. Thus· by feeding the upper 
hopper and closing the valve, the valve at the top 
of the lower chamber soon can be opened allowing 
material from the upper chamber to flow into the 
lower. The nozzle of the gun is its special point 
bf benefit, for at this point the water becomes 
mixed with the dry material. 27 
27 This excerpt is from an undated press _release found 
in a file containing various letters from 1916. It ~s 
reasonably safe to assum~ the ·press release wa~ of a · 
similar date. S.W.T. papers. For iriformation on the 
cement show see the New York Evening World, January 13, 
1912. 
79 
Development, however, did not then end for the cement gun, 
as its use under various circumstances and conditions 
disclosed additional need for adjustments. 
The mixture of Portland cement and moist sand combined 
wfth water and applied by pneumatic pressure using the 
cement gun is known by the trade name ''Guni te" or 
"Guncrete." The distinguishing characteristics between 
cement applied by hand and Gunite are a result of the 
mixing of the cement and water in the nozzle. 28 The air in 
the main hose causes the water to become atomized, as a 
result the cement particles are covered with a fine spray. 
The combination of water and cement begins a chemical 
reaction of hardening. As the mixture strikes the surface, 
excess material rebounds off the wall leaving a film of 
cement which acts as a matrix. When the initial coat of 
Gunite becomes thick enough the rebounding stops. Then 
layers of cement begin to build up until the desired 
thickness is attained. Each layer acts as a tamper, 
pounding the preceding layer deeper into the matrix 
' 
resulting in. a very dense and durable finish. 
Gunite may therefore be distinguished from cement in 
that cement does not benefit from the formation of a matrix 
28 The following description is derived from Bryan C. 
·collier,· "The Cement Gun: Its Application and Uses," Cement 
Gun Company Bulletin 122. 
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devoid of excess material that results from the rebounding 
action. This allows Gunite to bond to an existing surface 
more readily than hand placed cement. Additionally, cement 
does not have the advantage of the pounding action which 
results in a dense and durable finish. Lastly, when cement 
is hydrated, a chemical reaction occurs which is constantly 
being disturbed when applied manually which te9ds to weaken 
the product. 29 
The unique characteristics of gunite would explain why 
Akeley's original patent encompassed both the process and 
apparatus. Gunite was the result of the process. Also, 
Akeley hoped to limit competition that might arise from 
duplication. Moreover, by licensing both the process and 
the machine he could realize a greater profit, because 
without a license for the process the machine would be 
useless since the result of the machine's action lay in the 
process. 
The invention of the cement gun reveals one 
peculiarity involving the creation of a need. Initially a 
need was created during the development phase of the Akeley 
taxia·ermy. process. Akeley was attainpting to find suitable 
.. 
29 See Ibid.,· and ·oavidson, ''The Cement Gun: Plaster 
Work Done with a Hose," 44; Carl Weber, ''·The Cement Gun and 
Its Work," Journal· Western Society·of Engineers,19, no. 3, 
(March 1914): 272-315. 
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material for building models which would be strong and 
durable. He tr·ied to build a model by spraying plaster-of-
Paris on a frame with a compressed-air machine. This 
proved unsuccessful for building models, but the idea was 
resurrected when another need arose pertaining to the 
repair of the Field Museum building. Then it would seem 
that the invention had two unrelated "Eureka" moments. The 
first from which the principles of the invention evolved 
and the second from which the specifics were developed. 
The records also support the evolutionary theory of 
invention described in the first chapter. Undeniably the 
machine evolved from the sand-blaster. However, it was 
Akeley's use of the Kelly nozzle with the principles of the 
Murray sand-blaster to apply cement which was 
revolutionary. This new concept resolved the problem of 
clogging that had plagued others prior to Akeley. In 
addition, the concept had an unforseen benefit. In a 
serendipitous development a new product, "Gunite," was 
created when Portland cement was combined with water. 
Gunite is distinctive enough to warrant a patent for the 
process of manufacturing it. Thus, it is evident the 
invention of the cement ·gun follows· the tripartite model, 
but Gunite, which was a new invention, does not. It was 
. 
unknown prior to its invention, therefore the. use·and 
82 
"Eureka" moment occurred after the fact. 
The initial attempt at diffusion of the gun was a 
dismal failure. During the time the General Cement Product 
_Company owned the rights to the gun, from 1911 to 1916, the 
company was driven to the verge of bankruptcy. Their 
attempts at diffusion were limited to scholarly articles 
and to advertisements in technical journals and trade 
shows. 
In 1916 Samuel Traylor purchased the rights to the gun 
and began his own attempt to market the machine. Traylor 
succeeded where the previous owners failed. To understand 
why, an examination of his methods to. market the gun is 
essential. 
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Chapter IV 
Samuel Traylor and 
the Process of Innovation 
Samuel W. Traylor first encountered the cement gun at 
the New York Cement Show in 1911. He was aware of the 
machine's potential and began _attempts to become involved 
ih its production and marketing. The original owners of 
the gun had proved incompetent and managed to entangle 
themselves in a web of legal battles over bwnership and 
patent rights domestically and abroad. Moreover, poor-
business and management de~isions drove th~ir company to 
the verge of bankruptcy. In an attempt to salvage the gun 
. . , 
Traylor purchased controlling interest of the company and 
patent rights in 1916 .. Traylor then began a legal and 
• 
. . 
b~siness struggle to secure uncontested control of the 
• 
machine to ensure its success. 
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On November 4, 1916 Samuel Traylor wrote Leonard D. 
Baldwin, "I have just concluded a deal with Messrs. Caylor, 
Cooper and others whereby I have purchased the entire 
foreign rights to the cement gun, as well as their American 
rights." 1 Despite the gun's early failure to achieve 
Ceme11t Gur1 
marketability, ·Traylor felt 
that it still had the potential 
to become a success. To be 
sure, Traylor's assessment of 
the gun's potential was 
correct, although, marketing it 
proved to be more difficult 
than he envisioned. 2 
·rnitial attempts to market 
the_gun were begun by Robert L. 
McElroy, John E. Shepherd, and 
' 
Carl E. Akeley when they incorporated the General Cement 
Product Comp~ny in 1911. Later that year they formed two 
subsidiary companies: the General Cement Gun Company, which 
controlled the ·u.s. rights, and the European Cement Gun 
Company, which marketed the machine in Europe. To secure 
1 s.W.T .. to L.D .. Baldwin, November 4, 1916, s.w.T. 
papers. Bal"'dwin was Traylor's attorney and an investor in 
the· Cement Gun Company. 
2 Traylor purchased the stockholdings of Worth E. 
Caylor, Charles and Garrett Cooper, and Wallace B. Wolf, 
which gave him control of the cement gun in the United 
States. 
85 
the European market they applied for protection under the 
Akeley patent. In addition, on August 4, 1911, they signed 
a mutual agreement contract, to work together, with Joseph 
Von Vass who held the rights to a similar machine in 
Europe. 3 Unfortunately the avai~able records do not 
provide the-specifics of this contract; what is evident is 
that the agreement was contradict6ry and conflicting and 
proved problematic to Samuel Traylor. 
Efforts· to introduce the gun into the market place·_ 
began with an exhibition at the 1911 New York Cement Show. 
Reporting on the show, the journal Cement Age said, "the 
cement gun was another revelation in the way of mechanical 
ingenuity which promises to:revolutionize stucco work. 114 
The company also published articles in various technical 
journals describing the machine's operations and 
applications pertaining to construction and fire proofing 
.i; 
of structures. 5 T~ verify the-superiority of the machine,_ 
' . 
tests were~conducted comparing cement gun mortar and hand 
placed mortar. Not surprisingly the results of the tests 
3 
"Me~orandum of Agreement,'' November 4, 1916, S.W.T. 
papers. The General Cement Gun Company and the European 
Cement ·Gun Company were incorporated on September 30, 191·1. 
Von Vass invented a similar machine in Europe, but the war 
made it difficult for him to enforce his patents. 
4 
"The New York Cement Convention Exhibition," Cement 
Age (Janua~y, 1911): 6. ~ 
5 
"Placing Concrete with a Hose," Cement Age (April, 
1911): 198-201. 
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concluded, "the product of the cement gun showed superior 
to good hand made product of the same kind." 6 
As early as 1911 the original owners realized that the 
United States government offered a potential market that, 
if exploited successfully, could ensure the gun's success. 
Subsequently they contracted with the government to test 
the gun for thirty days 
at the Panama Canal. 
Engineers at the canal 
experienced difficulty 
with soft rock which 
disintegrated when 
exposed to air. They 
· attempted to solve the 
problem by coating the 
surface with gunite. Sealing rock with gunite tp stop disint'egr~tion nt f>una1na. 
However, the test proved. unsuccessful_, and as a result the 
gun's reputation with the government suffered, limiting the 
potential opportunity offered by the government. 7 
6 
"Comparative test of Cement Gun and Hand Applied 
Cement," Engineering News Record (January -4, 1912): 2·-s·; 
Also see William A. Jordon, "The Cement Gun," Journal· of 
Society of Engineering Contra.ctors 3 (December, 1911): 
420. This .article covers the resu·lts of other tests such as 
tensile strength, adhesion, -absorption, and permeability. 
. 
7 
''The Cement Gun at Panama," Cement Age (August, 
_ 1911): . 161-162; (May, 1912): 267; Also see "The Cement -Gun 
At Panama," Engineering News Record 67 (June 20, 1912): 
1190. The gun failed in Panama because of"· •. the 
natural oxidation of the rock, and when the rock ~xidized 
it occupied a greater volume than before and really pushed 
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The original owners believed that they could institute 
a policy of selling licenses and territori~l rights to a 
wide range of large corporations. This marketing strategy 
resulted in failure as most interested firms were not 
enthusiastic about an untested machine. Nonetheless, they 
did manage to sell rights to the four major markets in the 
United States: Chicago, Los Angeles, New York, and New 
England. They also instituted a policy of renting rather 
then selling the gun. But the gun experienced so much 
difficulty that the cost of repair affected the company's 
profit. As a consequence, a sales policy was adopted in 
1914. 8 
Notwithstanding the owners' enthusiasm, it became 
increasingly evident that the gun was not as readily 
marketable as they had believed. This resulted in 
financial difficulties. Between 1911 and 1916 the 
promoters made numerous attempts to reverse lagging sales; 
"the gun was dragged from pillar to po~t and went through 
about ten or twelve unsuccessful promotions. 119 The central 
the coating off." Weber, The Cement Gun and its Work,.· 314-
315. 
8 S.W.T. to Dennis and Buehlar, April 17, 1914; and 
B.C.· Collier to W. H. Agens, November 12, 1932, S.W.T. 
papers. Dennis and Buehl~r were S.W.T's attorneys and w. H. 
Agens was with the Los. Angeles office of.the Cement Gun 
Company. 
9 S.W.T to Dennis and Buehlar, April 17, 1920, s. w. 
T. papers. 
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problem lay with the owners themselves. An example of 
their incompetence is made evident by the following 
contemporary description of Charles Cooper's business 
style, "his contract work certainly was funny, Friday 
afternoon he would go off on a motor trip and forget all 
about his payroll. 1110 
By the fall of 1916 the future of the cement gun 
seemed uncertain, and the companies formed to promote the 
machine were on the verge of bankruptcy. John V. 
Schaeffer, a successful licensee, noted: 
... the cement gun was a pretty generally 
discredited article, it was due to the way the 
thing had been handled. In the first place the 
guns were made, not manufactured and they were ' 
mostly a pretty sorry piece of machinery. Then the 
whole matter had been handled, as-you know, by 
bankers, store keepers etc. and they recommended 
the use for the gun for all sorts of impractical 
purposes. 11 
-Samuel Traylor described the state of the gun in similar 
terms_ in a letter to R. L. McElroy, one of the former owners 
of the General Cement Product Company and then a 
shareholder in the Cement Gun Company: 
10 John V. Schaeffer to S.W T., September 9, 1926, 
S.W.T. papers. 
11 John V. Schaefer to S. W. T, September 9, 1926, 
S.W.T. papers. Schaefer was principal owner of the Cement 
Gun Construction·Company of Chicago. He acquired this 
company- from one of the original owners of the General 
Cement Gun Company. Because of his familiarity with the 
gun, he became one of the country's leading experts on its 
use and proved to-be a formidable competitor to the Traylor 
interest. The gun was recommended for among other things 
filling holes in trees. See Robert Moul~on, "Ho\lse _Shot 
From Guns," 651-656. 
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... every gun in th~ field was in trouble. The 
machine (had] not been built properly and could not 
be made to operate successfully ... this was due 
to the incompetent and disastrous manner in which 
the gun ~reposition was managed while in your 
~ control. 
Nevertheless, Traylor still believed that with the right 
promotion and good sales technique the cement gun would 
prove to be a success. He recognized its commercial 
possibilities and correctly foresaw that demand for the gun 
would increase as it was perfected. Traylor proposed to 
solve the financial and administrative problems of the 
General Cement Product Company by purchasing a controlling 
share of the rights to the patent for the cement gun. 
Traylor first encountered the cement gun in October of 
1911 when he visited the New York Cement Show at Madison 
Square Garden. At a trade show exhibit he witnessed one of 
the first public demonstrations of the cement gun. He 
recognized the-possibiliti~s of the cement gun for certain 
methods .of construc-tion. 13 · 
The available records do not indicate exactly what 
12 S.W.T. to R.L. aMcElroy and J.E. Shepherd, July 11, 
1924, S.W.T. papers. 
13
_The records do not indicate if Traylor actually 
attended the sho~ himself. However, _Wil.liam R6berts, the 
owner of- the Allentown Pneumatic Gun, is confident that 
Traylor was present. William Roberts Interview, November 
23, 1987. Also see G. a.- _Lovingood, For the Glory of America 
(Philadelphia: Franklin Printing Co., 1919?), 115. This 
edition was published by the Traylor Engineering and 
Manufacturing c6., to commemorate their war time -service. 
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transpired between 1911 and 1916 concerning Traylor and the 
cement gun. However, they do shay that in 1913 L. D. 
~. 
Baldwin, a lawyer who saw the financial potential, acquired 
a license to manufacture and sell the gun in the New York 
area. Subsequently he incorp~rated the Cement Gun Company 
and located his offices at 30 Church Street in New York 
City, the same location as the Traylor Engineering and 
Manufacturing Company's New York office. It is probable 
that the Cement Gun Company contracted with Traylor to 
manufacture the machine for them. The records further 
indicate that shortly thereafter the Cement Gun Company 
. . 
opened an office in Allentown, Pennsylvania. 14 
Prior to purchasing the rights to the gun, Traylor 
attempted to persuade the principal owners not to sell out 
completely but to join with Traylor in marketing the gun,· 
to "come along with us and stand or fall as may be the case 
. 
. . . get into the trenches and fight the battle that we may 
be able to turn to a success. 1115 The financial stress,. 
however, caused enmity between the partners. This 
animosity was such that four of the partn~rs realized that 
14 There is a discrepancy relating to dates of 
incorporation. The records indicate two conflicting datesj 
December 3Q ~ 1913 and July 27, 1914. See "Traylor. 
Interest,'' Apr·il 1, 1~20, first d~te·, "Traylor Interest," 
January 1, 1927, second date, S.W.T. papers. 
15 · · . S.W.T to Worth E. Caylor, December 12, 1916, S.W.T. 
Papers. Caylor had an interest in the General Cement Gun 
Company. He was also one of their legal representatives. 
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their only alternative was to sell their shares in the 
company after less than five years of business. On 
November 4, 1916 an agreement was reached between Traylor 
and the controlling stockholders of the cement gun who 
assigned to Traylor the rights to manufacture and sell the 
gun in the United States, plus the foreign and domestic 
patent rights. Traylor held a majority share of the 
domestic rights; the foreign rights were divided between 
Traylor with fifty percent and McElroy and Shepherd with 
the remaining fifty percent. Nonetheless, Traylor was 
responsible for compensating royalties totaling eleven 
percent to Akeley, McElroy and Shepherd, owners of the net 
patent. 16 
The specifics of the contract required Traylor to 
compensate each of the four stockholders $7500 each, 
totaling $30,000 for the American rights. The foreign 
rights required a payment of $11,500 each, totalling 
$45,000. 17 Upon inspecting the conditions of the foreign 
16 • S.W.T. to L.D. Baldwin, December 27, 1916, S.W.T. 
papers. The net patent owners (not stockholders) were J.E. 
Shepherd, R.L. McElroy and Ca~l Akeley. Later Akeley's. 
share would be assigned to his first wife Delia ·resultin~ 
from a divorce agreement. J.E. Shepherd and R.L .. McElroy 
owned part of the patent stemming from ·Akeley's original 
agreement with the General Cement Product Company.· 
(;· 
' 
• fl 
. . 
17 
"Memorandum of Agreement," November 4, 1916; and 
S.W.T. to Worth E. Caylor, S.W.T. papers. 
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patents Traylor had second thoughts, ''The foreign 
situation is so uncertain and badly mixed, I do not feel 
inclined to consider at this time the purchase of any 
patent rights that are complicated by the Von Vass 
patents. 1118 Traylor then proposed to amend the agreement 
of November 4, which would require him to compensate Caylor 
a total of $37,000 for both foreign and domestic rights. 
Not surprisingly Caylor was less than pleased with 
Traylor's proposal. "You can imagine my surprise when I 
read your letter of the 8th inst .... with respect to Von 
Vass and that you had taken the liberty of modifying the 
agreeme·nt. 1119 Caylor then argued that Traylor had been 
aware that the patents were, in effect, invalid because the 
war would not allow Von Vass to fulfill his obligations. 
He wanted Traylor to adhere to the requirements of the 
original agreement. 
An amended agreement was signed on December 7, 1916, 
the details of which are not available. 20 What is known- is 
that Traylor did not want any further complication that 
might interfere with his ftlture plans for the-gun. To his 
18 - , S.W.T. to Worth E. Caylor, December 5, 1916', 
S .-W. T. papers .. 
. 19 Worth. E . Caylor to S.W.T., November 10, 1916, s.w. 
.. T. papers. 
20 S.W.T. to The Cement Gun Company Inc., December 13, 
1916, S.W.T. papers. 
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attorney he wrote: 
my plan is to·have.you draw up such a contract as 
would be absolutely water-tight-something that 
cannot be broken through ... in other words what I 
want to do with these people is to have a transfer 
made that cannot be reversed, and so that nothing 
can come up in the future that would involve us in 
a law suit. 21 · 
To eliminate the possibility of future competition, the 
contract stipulated that the former owners could not be 
involved with any machine that would compete with the 
cement gun. 
Although the agreement was finalized and Traylor 
gained controlling interest in the cement gun, he was not 
entirely satisfied. His consolidation of power had to some 
• 
extent been frustrated by factors beyond his control, 
namely the instability of the European market. The 
conditions of the foreign patents were uncertain, "· .. the 
Von Vass patents in Russia have been declared void. The 
Von Vass patents in other allied countries at war with 
Germany are limited in some respects and invalidated. 1122 
Nevertheless, Von Vass was attempting to exert his rights 
21 S.W.T. to L.D . Baldwin, November . 4, 1916, s.w.'l'. 
papers. 
22 W.E. Caylor to S.W.T. I November 10, 1916, S.W.T., 
papers. 
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through the legal Process. 23 Moreover prov1·s1· f th , on o e 
1916 agreement allowed Traylor to purchase only half of the 
foreign shares, thus he would not have controlling interest 
in the European market as he did in the United States 
market. However, he was aware that McElroy and Shepherd, 
co-owners of the foreign rights, did not have the 
wherewithal to oppose him in any venture that he might 
undertake regarding the European market. Furthermore, he 
controlled the world wide rights to the trade names "Cement 
Gun" and "Gunite" which were closely related to the Akeley 
Patent and thus it would be difficult to market the Akeley 
machine without the use of the trade names. 24 Despite 
these uncertainties Traylor was st~ll determined to proceed 
with marketing the cement gun in Europe·~ 
Several problems were disclosed by the initial 
attempts to market the gun which Traylor had to address. 
First, it was paramount that he consolidate his control of 
the c~ment gun to avoid the animosity and divisiveness that 
~-
23 The Von Vass patent was decl~red void in France, 
England and Russia. Its status was not certain in the 
countries allied ag~inst Germany. B.C. Collier to C.L. 
Dewey, January 18, 1919, S.W.T. papers. 
24 Charles A. Nichols to B.C. Collier, April 29, 1933, 
S.W.T. papers. Although Traylor owned these rights, they 
were largely ignored in Europe. In.the Uriited States he 
exe~cised his rights vigorously as evident in a suit 
ag·ains·t the Stanton-Reed Company of Los Angeles California. 
He was awarded exclusive rights to the name "Gunite'' and 
"Cement· Gun". See CharlesQL. Nichols to B.C. Collier, 
April 29, 1933,· S.W.T. papers. 
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platjued the original owners. Secondly, the manu.facturing 
of the machinery nee~ed improvement; it was experiencing 
too many mechanical problems·because it was not 
manufactured properly. He solved this problem, in part, by 
becoming the sole manufacturer, therefore, guaranteeing the 
quality of the machine. Thirdly, experienced and qualified 
personnel were needed to manage the company. 
Insofar as the Cement Gun Company was concerned, 
success or failure rested with Samuel W. Traylor. To 
promote and market the cement gun, Traylor purchased the 
Cement Gun Company from L.D. Baldwin. He then proceeded to 
. 
reorganize the company around himself. Traylor served as 
Chairman of the Board of Directors_, with William J. Roberts 
' 
,, 
as President;. Harry Battersby, Treasurer; F.W. Hopkins, 
Secretary; Byran C. Collier, Vice President; and L. Mair, 
Assistant Secretary. The remaining board members were 
composed of the three share holders who had voting power . 
. /}' 
They were: _Akeley with 566 sha_res., R.L. McElroy ·with. 1134 
shares, and L.0~ Baldwin with 410 shares. 25 All the 
- . 
members of the board other than the shareholders were 
employed by Traylor Engineering. Thus, Traylor ensured the 
25 
"Cement-Gun Company Shareholders Record," August 1, 
.1920, S.W.T. papers. The company issued 5000 shares of 
stock, 4000 common 1000 preferred. Traylor held 1890. 
shares of common and 660 shares of preferred while the 
Cement Gun Company-held 100 shares of preferr~d. ·Therefore 
Traylor controlled 2650 shares or fifty-one percent of the 
company stock .. Also see S.W.T. 's secretary to George w. 
Green, March 19, 1920, S.W.T. papers. 
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board would be under his control. This action doubtlessly 
contributed to his success and was in keeping with his 
character. 
A close examination of the composition of the board 
reveals that Traylor assured that the company would be 
managed by experienced personnel. W.J. Roberts was an 
experienced businessman and engineer as well as the 
President of Traylor Engineering and Manufacturing Company. 
More important was the appointment of Byran C. ·collier to 
manage the Cement Gun Company. Collier was an accomplished 
and well respected civil engineer. It was Collier who 
promoted the cement gun by publishing the Cement Gun 
Company Bulletin and writing technical articles on the gun. 
In addition, he popularized the trade names "Gunite" and 
"Cement Gun" which strengthened the company's monopoly.· 
Success for the cement gun hinged on the ability of 
Samuel Traylor to transfer the skills and knowledge he 
acquired in developing the Traylor Engineering and·· 
, 
Manufacturing Company. Traylor believed: 
... beyond a question of doubt that the real thing 
necessary to make the cement gun popular and to put 
it on the market firmly, was first develop the 
· machine perfect and its operation and after the 
perfeftion of the machine, _then make the engineers 
and users believe in it and to give it a 
·reputation. 26 
Development rested on· the·macihine's use, and proper use. 
26 s. W. T. to Dennis and Buehlar, April 17, 1·920, 
S.W.T. papers. 
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would ensure its reputation. 
• 
Traylor knew from experience that the American cement 
industry offered an enormous potential market r{,r new 
I 
1 
construction and repair. Additionally, he knew that the 
future market of the gun was in construction and not solely 
in its manufacture. "· .. the only way that the cement gun 
could be made a success would be to have a thoroughly first 
class contracting company organized, operated and owned by 
the cement gun people. 1127 Thus, the success of the company 
would be correlated to its uses in the construction 
industry more so than in -manufacturing and retailing the 
gun. 
Rather than organize a new contracting compa9y to 
take advantage of the market in the construction industry, 
Tr~ylor approached. the financially troubled Dewey 
Contracting Company which specialized in gunite 
construction. Clarence L. Dewey assisted Akeley when· the 
cement gun was invented, and as .a result he was the most 
experienced man in the country in cement gun construction. 
Dewey's experience was the central rea~on for Traylor's 
.. 
int~rest_in the ·construction compariy. Aftei several ·months 
of negotiation Traylor submitted a proposal offering a 
$10,000 loan to the Dewey Company in exc·hange for a 
~ajority of the ·company's stock. The. off~~ was accepted, 
27 
. ld ' 1 d h E S.W.T. to L .. D. Ba win, R. L. McE ray, an Jon . 
Shepherd, October 30, 1922, S.W.T.·papers. 
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and the company was reorganized as the Traylor-Dewey 
Contracting Company. Success for the contracting company 
seemed assured. Close ties between the Cement Gun Company 
and the contracting company allowed the former to refer 
work to the latter. 28 
Owing to the 
i~competency of the 
original owners, the 
Cement Gun Company's 
first priority was to 
repair the damage that 
was already in place. 
The major problem 
occurred because of the 
inferior quality of the 
machine, coupled with 
.. 
poo~ operating 
procedures. 29 They began 
advertising in technical 
Its Use in Power a11d Steel Plants 
Esµecially in lvlaking 
l{e1Jairs to I~ef ractory Surfaces 
.\1100/111>;_ a f 11n111ti• l111it1J!. 
l)urin1: the J':1o.;t St'\t'r:tl yt·:no.; tlit· rx1c11~i,l· ilnd ~trl·n·s.id11l llSL' ,if 
this mad1irw in the rq-.air of furn.ice lininf.!S under vnrinus i.:n11d1tio11~. 
justifies us in making the statt'rnt'nt th:1t furn.recs of all t~ l'l'S \\ here 
clay brick arc used can be positi,cly anJ ccono1nically n1aintaincd. 
The success of this n1cthod of 1n:1inlc11ance is at t rihur L'd hy l"l'fr,1c-
tory C!lj..!inccrs to the fw.:l that the c11:it ing of i.:round. thor11u~'1ly burned. 
fire brick 1,l:,ccd \\ it 1i the r'rcsstrr-c oht:1inl'd hy the usi: of l he "Ccnwnt 
Cun·· insures n hPmogrncous and refractory surface better than i~~ord111-
c.1rily obt aine~I \\ it h fire brick 
CEMENT GUN CO., Irie. 
.c\LLEi\'l'(J\V~, PENN.\. 
BULLE Tl l H-A-.,M ... IICH. 1929. 
. . . ; 
Il"r /i,,r·,· "'Irr, H11ll,·ti11s d,·,tli11i: ~.·, -,,// r,1111.w.'i _ nf "Ccmcut~G11·11" ,;.:ori·. 
if yo11 J" not /m;•r tlrnu pfr,Dc :,·rift ,ii M1ct. 
journals e~pounding the m~rits of the_gun and gunite. It 
became company policy that "complete literature should be 
28. . -
, C.L. Dewey ·to S.W,T., March 8, 1917; C.L. Dewey to 
C.E. Akeley, March 12, 1917; C.E .. Akeley to S.W.T., March 
_14, 1917; S.W.T. to George Hasselman, April 24, 1917; W.G. 
MacFarland to Crispen, February 14, 1918, S.W.T. papers. 
29 S.W.T. to McElroy and Shepherd, July 11, 1924, 
S.W.T. papers. 
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gotten out and every opportunity used 'for 
demonstration. 1130 Articles were carried in periodicals 
such as Concrete, Engineering News, Coal Age, and 
Structural Engineer. 31 The company also published a 
bulletin usually featuring new uses for gunite o~ the 
cement gun. For example, bulletin number 139 carried an 
article on the successful use of the machine. It featured 
the repair of furnace linings, complete with 
specifications, guarantees, testimonials, and a listing of 
satisfied ·customers. 32 
Although the company allocated a great deal of money 
towards advertisement, the results justified the 
expenditures. On August 11, 1919, Samuel Traylor wrote 
Harry Battersby on the effects of the advertisement 
• campaign: 
During the past three years the company has built 
up the business from nothing to where it is at the 
present time, and is now selling guns on a basis of 
$300,000 annually and sales show a steady increase. 
They have spent $281,812.81 on publicity and 
. represent.at ion. 33 
30 ,-J.M. Crom to B.C. Collier, December 6, 1923, S.W.T. 
papers. 
31 See ''Guni te Walls and studs for Houses," Concrete 
-17 (1920): 9-1=1 and A.M. Wolf, "Concrete Cottages at 
Co~nwalls, PA.,'·' Conc;rete 14 ( 1919) : 107;....108 • 
. 
32 Cement-.qun.Company Bulletin no, 139, · November, 
1929, S.W.T. pa~ers. 
,, 
33 S.W~T. to Harry Battersby, August 11, 1919, S.W.T. 
papers. 
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According to the records, out of the amount allocated for 
publicity and representation, between $15,000 and $25,000 
annually went directly towards advertisement. This policy 
was continued throughout the life of the cement gun patent. 
Traylor went to great lengths to emphasize that the 
company was under new management and to ensure customer 
satisfaction. For example, George Robinson, the thief 
, 
Engineer of the Detroit Copper Company, was offered the 
services of two qualified gun operators to repair the 
damage incurred from the use of a faulty machine purchased 
from Traylor's predecessors. 34 
Traylor's experience allowed him to identify existing 
markets--most notably, the expanding repair and 
construction market. The company adopted an aggressive 
sales strategy. Salesmen were contracted on a commission 
·basis and assigned to exclusive territories. Traylor 
suggested to B.C. Collier that salesmen: 
Talk gunite and cement g~n to them even though they 
had no chance to secure business. In talking it to 
any contractor or to any owner of improvement, _or 
to any railway official, or I might say any farmer, 
who would put into the mihd of that individual 
something brand new tb him, iomething that he had -
not heard of before and _so·mething that he would be 
willing to investigate, and finally a something 
which he would say to himself if tried would give 
him a better structure if we·had first class 
representatives drumming this kind of propaganda 
34 · 
s.w.T. to G. Robinson, May 27, 1916, s.w.T. 
papers. 
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into the minds of everybody everywhere .... 35 
·*' . 
.. 
An attempt was also made to ensure that the sales force was 
knowledgeable because the company considered the gun, "an 
article requiring knowledge of too high and specialized 
II 
nature to be sold by the average machinery man. 1136 
Potential customers were identified and categorized into 
five general classes--contractors, industrial plant 
operators, municipalities and state organizations, railway 
companies, and mining companies. 37 
Contractors were to be approached cautiously. Most 
lacked the expertise to operate the machine properly, 
' 
consequently they could hurt sales by producing work of 
poor quality. "The majority of all of these cement 
. 
contractors seem to take a job without. any personal desire 
to make the job stand and answer as a big boost for the 
work of the cement gun. 1138 Moreover, contractors were 
less likely to purchase equipment from Traylor since they 
35 • S.W.T. to B.C.Coll1er, November 28, 1923, S~W.T. papers. 
36 J.M. Crom to B.C. Collier, December 6, 1923, .S.W.T. ·. ·. papers. According to the available records Crom was Trayl9r's most successful sales representative, Crom's 
territory was ·in and around the Chicago area. 
37 J.M .. Crom ~o B.C. Collier, December 8, 1Q23, S.W.T.·. 
_papers. -Crom, the top .salesman in the Cement Gun Company~ 
·formulated this sales approach. 
38
-W.G. MacFarland to Ballinger and Perot, January 2, 1919, S.W.T. papers. ~ 
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could readily purchase the machinery second-hand. 39 
In contrast, most industrial plants could be 
approached aggressively because they had one or more 
boilers or furnaces where the gun could be utilized. 
Since 1914 most engineers were aware of the efficacy of the 
gun for repairing boilers and furnaces. Using a cement gun 
with a special applicator, as opposed to hand applied 
mortar, allowed the repairs to proceed before the furnace 
cooled down. 
-
.'\ 
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Municipalities and state institutions were solicited 
differently. The majority of cities would not purcha~e the 
39 J.M. Crom to s.w.T., December_ 8,· 192·3., .s.w.T._ 
papers. 
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equipment directly; they would be contacte~ through 
consultant engineers who would buy the gun and contract the 
work. Many engineers were on the company mailing list and 
received the Cement Gun Company Bulletin although most were 
contacted through company salesmen. 
The mining industry posed another problem. The· 
machinery was not versatile enough and could not be 
. 
utilized properly in the confines of the mine. J .. M. Crom, 
the company's leading salesman, in a letter to Samuel 
Traylor, chastised the company for not adapting the machine 
for work in the mine: 
(1 
The equipment was not properly built. During the 
first year and a half it was sent out in such 
condition that it could not be moved, set up, and 
dismantled under one and a half hour actual work 
time. To date the equipment is almost as bad ... 
the truck on which the "Cement Gun" is 4mounted. . . 
is of such a long wheel base and rigid frame that 
it cannot be moved at a rate greater than two or 
three miles per hour on account of derailment. 40 
Notwithstanding the protection offered by the patent 
rights to the Akeley cement ·gun, comp~tition was expected; 
"imitation is the sincerest form of flattery, we must 
expect from time to·time that someone will be trying to 
in-vade th,e ·cement gun field .. 1141 Similar machines, with 
slight variations, were manufactured within the limits of 
•. 
41 • L.D. Baldwin to S.W.T., October 26, 1916, S.W.T. 
papers. 
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the law, but direct competition did not manifest itself 
immediately for two reasons.~ First, the protection 
afforded by the patent discouraged most of the potential 
competitors from entering the market. Second, the industry 
was in its infancy, and the enormity of the market allowed 
several companies to operate without directly competing 
with each other. 
Whenever an attempt was made to infringe upon the 
Cement Gun Company's patent, the company took swift and 
aggressive action as in the case of the Jensen cement gun. 
"I considered the status of the Jensen cement gun. • • • 
--~.· / It seems best for the time being to wait until Jensen puts 
his claim in writing. • • • This will make a basis for 
~ 
proceeding to restrain him. 1142 In other cases they 
attempted to purchase patents, for example concerning a new 
rubber nozzle liner which reduced the rebound of the 
sprayed mixture invented by T. Hamm. B. c. Collier wrote, 
• • .would you assign the ·pat~ht to µs for a royalty of II 
· five cents a ·piece for each liner we sell ? 1143 
To be sure, bther machine companie~ offered .some 
competition; however, their effectiveness was limited in 
42 L.·D. Baldwiri to s. W. T·., October 26,. 1916, s. W. T. 
·papers. 
43 B.C. Collier to John C. ·Hain, Augu~t i6, 1924, 
S.W.T. papers. John c. Hain worked for the Cement Gun 
C.ompany· in Los Angeles; T. Hamm worked for Hain. 
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contrast to that of the contracting companies. The 
contracting companies, such as John V. Schaefer's Cement 
Gun Construction Company, competed both directly and 
indirectly. They competed directly by buying used guns 
from customers of the Cement Gun Company and leasing or re-
selling them. This did not go unnoticed by Traylor. In a 
· letter to the shareholders he relates: 
,• 
Non,e of these contractors have purchased any 
considerable number of guns from our company. They 
seem to have a way of keeping track of all the guns 
we sell and when any concern is through with any 
specific job, Schaefer usually purchases the gun at 
a very low cost and at the same time is in the 
market of offering the gun for sale. 44 
In addition, the contractors often lacked experience in the 
use of the cement gun and often produced work of poor 
quality which affected the gun's sales. Traylor noted as 
• I 
much in a letter to J.B. Canty, an engineer for the Boston 
and Maine Railway Company: -
Our greatest trouble thus far has been in 
dealing with the gun contractors ... the only real· 
failure that t~e gun has ever .had has been due to 
the fact that the contractors who- were either 
incompetent from an engineering standpoint or those 
who had gone into the business f~r a temporary 
turnover--the work under all such conditions has 
. . . . . . . . "' 
resulted 1n d1ssat1sfact1on and a black eye for the 
gun.-45. 
.• 
44 Ibid. 
45 s. w. T. to Baldwin, McElroy and Shephe~d ,' · Octobe~ 
30, 1922, S.W.T. pape~s. 
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Traylor's solution was to consolidate his own 
contracting company with the gun company and thus compete 
directly with the contracting companies. Initially he 
attempted to consolidate with the Traylor-Dewey Contracting 
Company. He believed if the contracting qompany became a 
subsidiary of the Cement Gun Company, and changed its name 
to the Cement Gun Contracting Company, the name 
identification would increase sales and, in turn, 
contracts. The shareho~ders of the Cement Gun Company, 
other than Traylor, were against consolidation. Their 
concerns were not with consolidation but with Dewey 
himself. Traylor noted in a letter to L.D. Baldwin, 
McElr9y, and Shepherd, "you had some misgivings as regards 
the business ability of the man [Dewey] we were to have in 
charge. 1146 It ~as not until 1921 when Dewey left the 
company that positive steps were taken towards 
consolidation. 
The efficacy of the contractors was such that Traylor 
also considered merging with his primary competitor John V. 
Schaefer. Meetings were held April· 2_3,_ 1926, "to arrive a 
an understanding effecting the Cement Gun Company and the 
Cement Gun Construction Company. 1147 .. It was proposed that a 
_ 
46 S.W.T to L.D. Baldwin, R.L. McElroy·and J.E. 
Shepherd, October 30, ·1922, S.W .. T. papers .. 
47 J.V. Schaefer to S.W.T., September _13, 1923, S.W.T .. 
papers. 
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fiduciary company be formed to which all patents would be 
assigned. The attempt to consolidate with the Cement Gun 
. ' Construction Company was planned to serve a dual purpose. 
It would enable Traylor to augment sales and the gun's 
reputation and gain control of the competition. 
Unfortunately from Traylor's perspective, the merger never 
occurred; the two parties could not agree on all the 
provisions of the agreement. 
Type No. 2 Ccn1cnt-(;un showing co,nparallvc hcl),(hl or n1achlnc and 111an 
.. 
T·raylor was aware · that t~chnologica·1- innovations could 
. . 
also be sources ·of _.competition. He kept abreast of new 
developments and whenever possible attempted to buy patents 
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that perhaps would provide competition in the future. 48 
Contracts with licensees included a clause stipulating that 
all patents pertaining to the Cement Gun would revert back 
to the parent company. 
The Cement Gun Company conducted research and 
development on a continuing basis, either directly or 
through its licensee or subsidiary companies. For example 
on July 3, 1926, Ernest Fraenkle of the International 
Cement Gun Company in Germany wrote to B. c. Collier 
concerning research. "We have built a large cement gun 
firstly with the worm gear because we thought that the worm 
gear will be better for the transportation of big stones 
than the feed wheel. 1149 . Further experimentation revealed 
that the feedwheel was still more effective. Research was 
also conducted on the nozzle as well; "we tried out dozens 
and dozens of nozzles and we came to one from which we 
think to_ adapt _for the future. 1150 The primary problem with 
the nozzle concerned the wear caused by the mixture; this 
was solved by lining the nozzle with rubber . 
Research was conducted in the laboratory as well as in 
the field. For example, tests comparing the coefficient of 
48 Albert Parker to B.C. Collier, January 12, 1925, 
S.W.T. papers .. 
49 Earnest iraenkel to Colliei July 3, 1926, S.W.T. 
,. papers.· 
5
~; 'Ib.id. 
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expansion on g·unite to concrete were performed at Fritz 
\ 
Laboratory at Lehil}h University. In the field, testing 
occurred on the composition of the mixtur~., air pressure, 
,), 
and method of application. 51 
Between 1916 and 1920 Samuel Traylor reversed the 
declining trend that characterized the ·state 9f the cement 
gun. By the beginning of the 
clppeared optimistic. In~eed, 
1920s the future of the gun 
,#' '. --
record~ give an idealistic 
picture of how the future 6f the gun appeared to traylor.: 
.,. 
The Cement Gun company Inc.·, is easily worth 
$2,000,000. This value is based upon the fact that~~ 
this invention is a monopoly that has no 
competition. It is nearly in every part of the 
world, and at the present time there are more than 
a hundred uses for it, and it is confidently 
~el~eved that ma~y more uses will be found for 
it. 
In a letter to Samuel Traylor, W.J. Roberts paints a ~ore 
realistic view of· the gun's worth. Mr. Roberts stated that 
Traylor Engineering was carrying the Cement Gun Company at 
$68,163 book value, but considering the enhanced value of 
the gun due to its use in Europe, the holdings of it would 
be acttially worth $131,243. The price per share value of 
the common stock ·tor the Cement·Gun Company-as of June ·JO, . 
' ' 
51 
· For more information on research and testing· see, 
. Weber,_-"~he Cement Gun- and its. Uses," Concrete· (~arch., 1925) :· 
106; and Jordan, "The Cement Gun.'' 
52 Unsigned to H. Battersby, August 11, 1919 ,· S. W. T. 
papers. 
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1927 was $18. 2553 
Further verification of the company's success is 
reflected in the financial records. Although financial 
statements have their limitations, when taken in 
conjunction with other evidence, they can provide a measure 
of the company's performance. A cursory examination 
reveals that in the first five years of the Cement Gun 
Company's existence profits of $27,330 were realized. 54 
The strong fiscal showing prompted B.C. Collier to suggest 
that the President {Samuel Traylor) and Treasurer (Harry 
Battersby) be compensated by receiving a percentage of the 
yearly balance. This would serve to decrease the yearly 
balance and therefore the amount of tax to be paid. The 
company's strong fiscal showing was reflected in the 
financial statements. Yet by depreciating the buildings 
and equipment, they were able to declare losses~ For 
example, in 1921 profits were $53,432 .. They claimed 
$41,933 ·in dep~eciation, leaving thefu a net pr6fit of 
$11,499. But, from 1922 through 1925, they were able to 
' declare losses. In 1922 ~hey declared. a_loss. of $19;258 on 
profits of $11,422 and in 1923,· a loss of $2772, although 
53 W.J. Roberts to S.W.T., August 2., 1927, S.W.T. I 
.papers. 
54 Day ~ Zimmerman ·rnc., 11.Repo.rt No. 1549 on Traylor 
Engineering & Manufacturing Company For Frazier and 
Company" ,(Philadelphia: October 28, 1920) ,. 1. S.·W.T. 
papers. 
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profits before depreciation were $25,668. Losses for 1924 
were $14,294 on profits of $12,380, and in 1925 losses were 
$17,854 on profits of $14,53855 • The calculating of 
depreciation was used legally to minimize paying taxes by 
making the company appear to be profiting less than it 
actually was. 
The Cement Gun Company continued to profit through 
. 
1929. Net profits for a nine month period· ending in 
September 30, 1929 revealed a profit of $28,184. The 
reverses suffered by the market in October and November of 
that year did not have a significant effect on the Cement 
Gun Company. They were still showing profits in August of 
1930 of approximately $16,000. 56 The records of the 
company indicated that in 1930 the directors were not aware 
of the extent of the depression; the company was still 
profitable, and indications were that it would continue to 
make a profit. According to the formal records the company 
-·was seemingly not overly successful. The records, however, 
are deceiving because the company was taking advantage of 
all possible tax loopholes. Additionally, Traylor profited 
ftom the use of the gun~ which was not evident i·n th~· 
financial reports. 
·55 
"Cement Gun Company Profit and Loss Statement 1921-· 
1925," S.W.T. papers. 
56
· ~iProfit arid Loss.statement," August 13,1930, S.W.T. 
papers. 
I] 
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Although Samuel Traylor was not the original inventor 
of the cement gun, he was the determining factor in its 
success. General theories of invention and innovation, at 
least as outlined by scholars such as Gilfillan, Usher, and 
Hughes, suggest that the successful entrepreneur is more 
than a lucky winner in the prevailing market place but that 
he actually uses and manipulates the environment to his 
advantage. Certainly this case study of Samuel Traylor and 
. 
the cement gun confirms such an interpretation. Traylor's 
success can be readily attributed to his ability to adapt 
to the market, using it to his own purpose. He sought 
control over prevailing conditions as much as possible, 
avoided fighting losing battles,.and ultimately found an 
appropriate niche in the market place. On such an approach 
the· profitable development of the cement gun was assured . 
T 
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·conclusion 
There are many explanations as to why some companies 
fail while others succeed. However, for this analysis a 
conclusion may be reached by re-addressing the three steps 
associated with technological innovation, that is, 
invention, development, and innovation. 
Invention is an evolutionary process which may occur 
simultaneously with development and innovation. It is also 
composed of three steps: identifying a problem, solving the 
problem, and actualizing the solution to the problem. In 
addition, the process of invention does not involve a 
single individual who arrives at a solution in a moment of 
. I • 
inspiration. Rather it involves an accumulation of 
knowledge based upon prior attempts at solving the problem. 
The invention of the cement gun supports this assumption. 
. . 
Akeley's invention of the gun was obviously an 
evolutionary process. The gun evolved from a combination 
of the principles of the Kelly nozzle and the Murray sand 
blaster. Coincidentally, the invention involved solutions 
for two different problems. Akeley's first problem 
concerned building models for his mounts. He attempted to 
solve this problem by spraying plaster of Paris using 
.. 
.• I -
compressed air; however., the procedure did not solve this 
particular problem. When a need occurred to repair the 
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exterior of Akeley's studio, the failed attempt to solve 
the first problem was applied successfully to the second, 
simply by substituting cement for plaster of Paris. 
The development phase can be defined as the building, 
testing and improvement of a model of the invention. 
During development further invention may occur, that is, 
changes made to improve the model may result in a product 
that is different from the original idea. In addition, 
introducing the invention into the market may disclose 
further need for improvement. Again, the evolution of the 
cement gun supports this notion. 
The cement gun experienced a short development phase. 
By 1911 the machine was essentially complete. The two 
major developments had already occurred. These two 
improvements involved the placement of the feedwheel, which 
had been modified from a vertical position to a ·horizontal, 
and the addition of a second chamber to allow for 
uninterrupted operation. Research did continue, however, 
resulting in several minor changes to the nozzle and 
refinements concerning the application of gunite. That few 
. . 
major developments have occ~rred since 1911 is evidenced by 
the fact that schematics from the 1914 machine are in use 
today to manufacture the machine. 
. . 
- Wh·i_le traditional models of .inyention and. development 
are gen~rally applicable to the cement gu:n, innovation--the 
marketing of the invention--poses several prdflem~. First, 
115' 
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• 
because of the lack of empirical evidence, the standard 
model of innovation is open to question·. Secondly·, an 
entrepreneur's personality accounts for much of his success 
which cannot easily be explained with an analytical model. 
Furthermore, the models cannot account for contemporary 
economic, political, and social changes which doubtless had 
a unique effect on the actions and ·decisions made·by 
Traylor. 
Chapter I defined innovation as the marketing of the 
product, and identified four influential variables: 1) 
sector ~haracteristics (the targeted groups such as firms, 
counties, and individuals); 2) adopter characteristics 
.,. 
(the attitude of the target' groups); 3) character of the 
innovation (the nature of the invention--is it returnable, 
does it require a ·major investment, and-how long~ it 
last); and 4) propagation mechanism (methods used to 
advertize the invention). 
Traylor utilized sector characteristic$ by targeting 
five area·s: contractors, ind-ustrial plant operators, 
municipalities .and states, railway companies,· and mining 
. . . ~ 
companies. The characteristics of these target groups 
(adopters) were used to formulate a sales plan. The 
"targeting of the five areas dependeq on the characteristics 
r . 
of the inn~vation (the. cement gun was limited in use to the 
•• • • construction industry and for certain 1ndustr1al uses such 
. 
as refinery furnaces). The propagation mechanism used to 
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diffuse information on the gun consisted of articles and 
advertisements in technical journals and the company's own 
bulletin. Further, the company disseminated information 
because the quality of the contracting work reflected well 
on the gun's reputation. Therefore, the contracting 
company was in a sense demonstrating the cement gun . 
.-~, J 
The standard model of 'innovation thus offers a limited 
framework for analysis; it still lea~es some questions 
unanswered. For example, what·effect did World War I and 
the post-war economic resurgence of the 1920s have on the 
success of the cement gun? How did Traylor's choice of 
personnel, in particular B.C. Collier, contribute to the 
gun's success? What was the significance of the trade 
names "Gunite" and "Cement Gun"? Finally, what part did 
the entrepreneur play with regard to the gun's success? 
The impact of the World War I was significant to the 
gun's success. Profits realized during the war a·llowed the 
Traylor Engineering Company to diversify and purchase the 
Cement Gun Company. Purchase of the contracting company, 
. , 
which contributed to the gun's ·Success, also resulted from 
profits procured from war work. More important, the 
enormous profits gained during the war allowed the company 
to devote substantial amounts towards advertisement. 
. . 
Ad·vertisement was . perhaps the ·single most .:important· factor 
· contributing to the success ·of the cement gun. 
Traylor .. p.oss~ssed that intangible combination \ of 
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qualities essential for success--drive, tenacity, 
. 
intelligence, experience, and leadership. However, it was 
his ability to select capable managers and to delegate 
authority which perhaps contributed most to his success. 
For example, B.C. Collier in particular was a fortunate 
choice to manage the Cement Gun Company. It was Collier 
who popularized .. the trade name "Gunite" and "Cement .Gun." 
The use of these two terms strengthened the cement gun 
,( 
patents. All contracting companies which used the terms ~\ 
were required to pay royalties to the company. After the 
,-. . 
patents expired, the loss of royalties was compensated for 
by the use of the trade names. Therefore, the trade names 
in a sense extended the life of the patents. Trade names 
are not taken into account in the model of innovation. 
It is often the c~e that invention, development, and· 
innovation occur simultaneously and that the three steps 
continue throughout the life Qf the invention. I However, in 
the case of the c~m$nt gun, invention and developme~t 
essentially stopped after Traylor took possession. 
Although research and development did not cease entirelyi 
no major changes occurred after the improvement to the 
feedwheel and the development of dual chambers. Very few 
inventions cease to develop during their life time; the 
cement gun seems to be an exception . 
• 
In conclusion, it is·evident that a number of factors 
contributed to th~ invention, development, and innovation 
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of the cement gun. Developments in the steel industry 
contributed "'to new uses for conc~e_te. Likewise, the 
economic effects of World War I and the post-war economic 
resurgence expanded construction and provided capital. 
Under these circumstances Samuel Traylor recognized an 
entrepreneurial opportunity that others had failed to 
capitalize on successfully, enabling him to find a niche in 
the market place. 
The causal relationship between entrepreneur and 
technological innovation is a dynamic one. Technological· 
innovations are dependent on the entrepreneur for 
development and likewise the essence of the entrepreneur is 
innovation. However, it is the entrepreneur's ability to 
identify the potential of technological innovation which 
makes hi·m the catalyst in the -relationship.· Without the 
entrepreneur the innovation may remain latent. It follows 
then that ultimate credit for the success of the cement gun 
must go to Samuel w.- Traylor as an entrepreneur. 
-. 
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Sand Blast Nozzle 
Be it known that I, William H. Kelly, a citizen of the 
United States, residing at San Francisco, in the county of 
San Francisco and State of 
California, have invented certain new and useful 
Improvements in Sand-Blast Nozzles, of which the following 
is a specification. 
My invention relates to sand-blast apparatus, and more 
particulprly to the nozzle or portion through which the 
material is delivered for effecting the desired object. 
In using a combined stream or current of an abrading 
material, as sand, and a propelling medium, as air under 
pressure, it is very important that the sand be delivered 
in as even and constant a stream as possible and under a 
uniform pressure, except when it is desired to vary them 
positively, which can be done in any desired manner. Where 
the sand is moist, it has been found very difficult, and in 
some instances impossible, to use it without drying before 
trying to pass it through the apparatus, owing to the 
liability of the delivery-orifice becoming partly or 
entirely clogged up. 
·One of the objects of my invention is to produce a 
nozzle which will be very compact but easily separated and 
which will have great efficiency with the least possible 
wear of the parts which are exposed to the abrading action 
of the sand. 
Another object is to construct the tips of nozzles 
through which the sand is delivered to and from the body 
porti_on interchangeable,thereby .permitting of the use of 
the same sized tip in eitheJ of two places, and thus 
avoiding the necessity of a multiplicity.of diff~rent-sized 
parts for.~ubstantially the ~ame purpose. · 
An embodiment of the invention is shown in the· 
accompanying drawings, in which-
Figure 1 is a side ~levation. Fig. 2 is a 
longitudinal sectional view. Fig. 3 is.a broken elevation 
showing the device in use. 
Referring more particularly to the dra~ings, 1 
·indicates the body or main portion of the n9zzle, which is 
hollow and substantially boot-shaped, with the foot portion 
substantially cylindrical i·n cross-·secti·o~ and a passage or 
. opening 2 thorough the toe portion 3·. Th~ hollow of the 
leg portion 4 termina.tes at its· inner end ·in a cavity or 
chamber 5, which forms a reservoir for-the c~mpressed air, 
I 
. I 
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which·can only escape through an opening or orifice 6 in 
the bottom, from which projects a hollow pintle of nipple 
7. 
A casing or shell a, preferably tapering or conical 
upon its exterior and interior, is secured at the bottom of 
the boot, as by means of a clamp or band-like cotlpling or 
ferrule 9, which has one end tapering to engage with the 
larger end of the casing and the other end screw-threaded 
to engage with the screwthreads 10 on the body 1, and 
thereby draw the end of the casing closely against the 
bottom of the boot and assist in making an airtight joint 
or connection. 
The smaller end of the casing is closed except for an 
axial bore or opening 11, which is preferably slightly 
tapering and stands directly in alinement with the nipple 7 
and in which a tip 12 is removably seated. The tip 12 is 
preferably sightly tapering, so as to fit the opening 11, 
with its smaller end preferably 
extending a short distance beyond the end of the casing and 
its larger end standing at a slight distance in front of 
the forward end of the nipple 7. 
The opening 2 is preferably of two diameters and 
stands at an angle to the leg 4 and to the axis of the 
nipple 7. The inner end of the opening is tapering and of 
the same internal diameter as the opening 11, and the outer 
end is screw-threaded for the reception of a hollow 
connector 13, the intermediate portion of the connector 
being shouldered, as at 14, to form a means of screwing it 
into position. Removably seated in the inner or tapering· 
portion of the opening 2 is a tip 15, which is the exact 
counterpart of the tip 12, so as to be interchangeable 
therewith, and like said tip its smaller end projects a 
slight distance beyond the end of the opening, so that it 
may by given a slight blow to unseat it·in .case it should 
have a tendency to stick in its opening. The larger end of 
the tip 15 is adapted to be engaged by the inner end of the 
pipe or connector 13 and be· thereby firmly held in its sea~ 
when the parts are assembled. _ 
.. ~hen tising my invention as above described, it is 
connected with the free ends of two ·hose. or· flexible tubes 
16 and 17, which are connected with any suitable source of 
supply, as a double-compartment tank or receptacle 18, one 
of which compartments is provided with sand and the other 
with compressed air, the latter compartment being also 
pref erab.ly connected with the sandchamber through a valved 
pipe 19. 
The air enters th~ devic~ through.the leg 4 and is 
discharged from ~he tip 12 in a small stream or jet with 
considerable force, depending upon its fl9w through the 
pipe 16 and the pressure in.the.tank i~~ The inner·end of 
the bore through the tip 12 is larger than ~he bore. through 
the nipple 7 and preferably slightly flaring,· so that as 
.. 
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the air passes across the short space from the end of the 
nipple into the bore of the tip it takes up the desired 
quantity of sand which has been discharged from the tank 
into the casing through the pipe 17 and connector 13 and 
drives it out of the tip 12 against the object being acted 
upon with sufficient force to effect the desired result. 
In this manner the nipple and tip virtually form a 
continuous passage for the air with an opening in its side 
or walls for the entrance of the sand or other abrading 
material similar to an injector. This avoids the excessive 
back pressure which occurs through the sand-supply pipe 
where the air is permitted to enter a chamber or cavity as 
it passes from its outlet to the bore of the discharge-tip, 
and it also renders it possible to use damp or moist sand 
without danger of its clogging or stopping up the nozzle 
and also reduces the wear or abrasion upon the nozzle to a 
I I 
minimum. 
The formation of the cavity or reservoir at the rear 
of the discharge-outlet and at one side of the main 
passage, with its entrance or throat 20 contracted and its 
rear wall overhanging or directly to the rear of the 
orLfice 6, also adds to the efficiency of the apparatus by 
providing a cushion of air, which acts as an automatic 
regulator, as it were, which will have a tendency to 
prevent backflow of the air in case the passage should 
temporarily become obstructed from any cause, as· when using 
I 
• wet or moist sand. 
By constructing the apparatus so that the same tip can 
be used interchangeably for delivering the sand to or from 
the interior a very desirable structure is secured, ~nd as 
those two pieces are substantially the only ones th~t are 
subject to wear anq require to be replaced it renders it 
easier to repair, as there is no possibility of getting the 
wrong tip in the wrong place and there is not the 
~equirement of carrying so many different-sized pieces in 
stock. 
For taking the structure to pieces or putting the · 
parts together the coupling 9 is rough~ned or knurled upon 
its exterior, as shown .at 21, by which it can be firmly 
grasped, and t~e connector 13 can be readily removed by an 
ordinary-wrench. 
As the· tips 12 and 15 can be manufactured at a very 
slight cost and can be replaced with but little trouble and 
_delay, it will be seen that a maximum of efficiency can be 
secured by my invention with the minimum of deficie~cy or 
objection. 
Having described my invention, what r· claim as new, 
and desire to secure by Letters Patent, is-
l. In a sand-blast nozzle, a hollow body provided with 
a reservoir at ·one side of the main passage and havi·~g ._.a_ 
contracted throat, a ·substantially continuous air-passage 
leading from the reservoir opposite the rear wall thereof 
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and having an opening in its wall, and means for delivering 
an abrading material to said passage throug~ said opening. 
2. A sand-blast nozzle having a passage for the 
propelling fluid, with a removable tip, and a passage for 
the abrading material, said second passage being disposed 
at an angle to the axis of the first passage and 
communicating therewith intermediate its ends, the second 
passage having a removable tip, the tips of both passages 
being interchangeable. . 
3. In a sand-blast nozzle, a hollow, substantially 
boot-shaped body having and inclined opening through the 
toe, the inner end of the opening being tapered and the 
outer end screw-threadea, a casing removably secured to the 
bottom of the body, the forward end of which is provided 
with a tapering opening, interchangeable tapering tips in 
said openings, each provided with a tapering bore, a 
hollow, screw-threaded connector in the outer end of said 
inclined opening for securing said tip· in the inner end and 
delivering sand thereto, and a nipple leading from the 
hollow of the body nearly to the rea~ end of the front tip· 
and having a bore of a less diameter than the rear end of 
the bore in said tip. 
4. In a sand-blast nozzle, a hollow, substantially 
boot-shaped body, the bottom of which is screw-threaded 
_exteriorly and the toe is provided with an inclined 
opening, an interiorly and exteriorly inclined hollow 
casing at the bottom of the boot, the smaller end of which 
is provided with an axial opening, a tapering clamping-band 
engaging with the larger end of the casing and with the 
screw-threaded portion of the body, interchangeable tips in 
said openings, a nipple form the hollow of ~he body nearly 
to the rear end of the forward tip and a connector in the 
inclined opening to the rear of the tip therein. 
In testimony whereof I affix my signature, in presence 
of two witnesses, this 15th day of December, 1905. 
• WILLIAM H.- KELLY. 
Witnesses: 
F.M. Bartel. 
M.R. Seely. 
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sand Blast Apparatus 
Be it known that I John D. Murray, a citizen of the 
united States of America, residing at San Francisco,· county 
of San Francisco, and State of California, have invented 
certain new and useful Improvements in Sand-Blast 
Apparatus; and I hereby declare the following to be a full, 
clear and exact description of the same, reference being 
had to the accompanying .drawings, forming a part of this 
specification. 
This invention relates to certain applications of the 
sand-blast and improvements therein. 
My improvement consists in driving the sand or 
abrading material by means of air and water, the latter 
entrained by the air as it passes through the distributing-
pipe, preferably at some point near the receiver, from 
where the air is supplied under pressure, and sure on and 
the water admitted to the air-conducting pipe and other. 
accessories, as shown in the drawings herewith and forming 
a part of .this specification. 
The object of my improvement is to avoid dust caused 
by the application of sand-blast in confined places, as in 
the holds of ships, to keep the sand comparatively dry 
until ·its impingement and to intensify the effect on 
obdurate oxidized surfaces by the greater weight of the 
sand and water combined. To this end I construct sand-
blast apparatus as illustrated by the accompanying 
drawings·, .that form a part of this specification. 
Figure 1 is a vertical section through a sand-blast 
apparatus embody~ng my improvements; Fig. 11, an enlarged 
longitudinal·section through a nozzl~ for applying the 
sand, and Fig. 111 an enlarged section through a 
throttling-valve such as is employed to regulate the 
quantity of sand employed. 
In the appli~ation for abrading purposes by a blast of 
air the effect produced, especially on oxidized metallic 
surfaces, is greatest when the sand is dry; but the dust 
produced by the ·operation, especially in the holds of ships 
and other confined places, is disagreeable to workmen, also 
is injurious ·to health by reason of the flying particles 
inhaled. Steam.or saturated air as a means of conveying 
and applying the pand prevents dust, but at the same time· 
diminishes the abrading effect of the sand. It. is, 
however, discovered that water introduced i~ the air-
conducting pipe is carried forward by entrainment in the 
form of globules and is not atomized until it impinges on 
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the surfaces being abraded or treated. Consequently the 
effect of the sand remains nearly the same as when used 
dry, but the dust that would otherwise rise from the 
surfaces is saturated with the atomized water and 
prevented. This is the object of my invention, carried out 
by means now to be described. 
· Referring to the drawings, 1 is a receiver filled with 
·air under pressure supplied through a pipe 2;3, and 
extension of the receiver 1, forming a dry chamber for the 
air coming from receiver 1, which is often loaded with 
moisture of condensation, also forms a convenient structure 
to which one or more sand-ejecting nozzles 4 can be 
attached. 
5 is a superposed sand-tank provided with a conical 
bottom 7 and several conveying outlets 8, corresponding to 
the number of sand-ejecting nozzles 4 that are to be 
employed (commonly two or more) in operating on marine 
vessels, a purpose to which my improved apparatus is 
especially adapted. 
b _The nozzles 4 and 9 are adapted to receive the 
conducting pipes or hose 10 and 12, that connect, 
· respectively, to the main nozzle 6 and lead from dry 
chamber 3, sand-tank 5, and the air -receiver 1. 
13 is a water-tank preferably placed within the air-
receiver 1 and subjected to pressure by means of a 
communicating pipe 14, provided with a stop-valve 15, that 
can be employed to regulate the pressure. The tank is 
filled through the nozzles 17 from some source under 
pressure, as in the case of city service or by a force-
pump. Water from the tank 13 passes through a valve 18 and 
nozzle 19 into the air-current, escaping through the valve 
21, and is entrained thereby and carried through the hose 
or pipe 12 to the main nozzle 6 in the form of spray or 
globules without saturating the air to an extent that wets 
the sand before its discharge from the nozzle 6 and 
impingement on the surface being abraded or cleaned. 
The quantity of sand admitted to the hose .. Pr pipe 10 
is regulated by the screw-valve 20, inwa~d intd the seat 22 
closes the passage 23. The sand is blown by the blast-
·nozzles 25 through the chamber 27 into the pipe or hose 10, 
the former having an elastic lining 28 to prevent abrasion 
by the sand. A similar lining 29 is placed in the main 
nozzle 6, as shown in Fig 11, as described and claimed in 
my copending application, Serial No. 179,080, for 
improvements in sand-blast apparatus. The air, water, and 
s~nd entering the main nozzle 6 th-rough the nipples 11 and 
16 meet at high velocity in the chamber 30 of the main 
nozzle 6, are driven out at 32, and directeq against the 
surfaces to be treated· wher·e the entrained water· by 
concussion and in some degree by the heat of impact. is 
atomized and.mingles with the dust, preventing that from 
rising and floating in the air. 
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Having thus described the nature and objects of my 
improvements, what I claim as new, and desire to secure by 
Letters Patent, is-
In sand-blast apparatus, a receiver containing air 
under pressure, a chamber containing sand or other abrading 
substance, flexible pipes or hose connecting from these 
vessels to an ejecting-nozzle, means to regulate the 
quantities of air and sand respectively, a water-inlet and 
means to supply water to the air-conducting pipe or hose. 
and means to regulate the amount of water supplied thereto, 
combined and operating substantially as described. 
In testimony whereof I have signed my name to this 
specification in the presence of two subscribing witnesses. 
Witnesses: 
Jno. A. Magee, · 
Henry P. Dimond. 
JOHN D. MURRAY. 
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sand Blast Apparatus 
Be it known that I, John D. Murray, a citizen of the 
United States, residing at San Francisco, county of San 
Francisco, and State of California, have invented certain 
new and useful Improvements in Sand-Blast Apparatus; and I 
hereby declare·the following to be a full, clear, and exact 
description of the same, reference being had to the 
accompanying drawings, forming a part of this 
specification. 
This invention relates to certain improvements in 
apparatus for cleaning by the abrasive action of sand or 
like material the surface of structural metal plates, 
beams, or other parts, removing therefrom the oxidized 
scale or other substance adhering thereto, commonly called 
"sand-blast'' ~pparatus. 
My improvements consist in an inclosed receiver 
subjected to air-pressure, containing chambers for air and 
sand, having eduction ways for each and connected nozzles 
in which these are incorporated and projected forcibly 
against the material to be treated; also, consists in a 
peculiar form of nozzle with renewable parts and means of 
regulating the relative quantities of the air and sand. 
The object of my invention is to scour and clean 
metallic surfaces, especially in places difficult of 
access, such as the interior of the hulls of ships and 
vessels of all kinds. 
In the application of what is called the "sand-blast" 
. . . , to various purposes there are impediments to be. overcome, 
as in the moisture and packing of the abrading material, 
the wear of nozzles subjected to scour, and regulation of 
the quantity of sand in proportion to the conducting 
medium .. To meet these impediments, I provide apparatus as 
shown in the drawings herewith forming a part of this 
specification. 
Figure 1 is an elevation, partly in section; of an 
apparatus constructed according to ~y improvements; and 
Fig.11, an enlarged longitudinal section through a nozzle 
to apply the sand or other scouring substance. 
The main vessel 1, hereinafter called the "receiver," 
is of cylindrical form, strong enough to withstand the 
required internal pressure, and is provided with a closed 
chamber 7 .at the top for dry sand, supplied through a 
closable passage· 9. Said chamber has a conical or hopper-
shaped bottom, from which the sand is discharged into the 
compartment.below through discharge-pipe 22. The di$charge 
is controlled by a valve 18, preferably of revoluble or 
lantern form, operated form above by a stem 19 and handle 
' 
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20. 
13 is the central chamber for air, divided from a 
still lower chamber by a diaphragm 10, preferably arched or 
dome-shaped, and perforated with apertures 12 to admit 
diffused air to said central chamber form the lower chamber 
16. 
2 is the inlet for air to said lower chamber, supplied 
by pipe 15, and 5 is a cock for drawing off the moisture of 
condensation. 
The central chamber 13 is provided with a sand-pipe 
17, connected to discharge-pipe 22 and terminating in.the 
shell of the receiver, where the flexible sand-hose 23 is 
. attached at 4. There is an air-outlet also at 3, with air-
controlling cock 24, and a flexible air-hose 25 leads from 
this outlet to the discharge-nozzle 27. (Shown on an 
enlarged scale in Fig 11.) 
A branch pipe 14 leads from the main air-supply pipe 
15 to the upper chamber 7 for occasional use, as 
hereinafter explained, controlled by means of cock 26. A 
lateral branch 6 leads from pipe 14 to enter the larger 
sandpipe 17, terminating beneath the discharge-pipe 22 in 
such manner as to form an ejector to drive the sand falling 
through pipe 22 forcibly throug~ pipe 17 into the flexible 
hose 23, connected to the nozzle 27 at 29, with a force 
derived from the air-pressure in pipe 15 corresponding to 
that of the air-current in flexible air-pipe 25, derived 
from the similar pressure in the central air-cha~ber 13. 
These two currents or blasts combine and mingle in the 
nozzle 27. 
In case the lantern-valve 18 or the contiguous 
passages should become clogged to impede the free discharge 
of sand the cock 26 may be opened to temporarily throw 
air-pressure into the upper chamber 7, thereby increasing 
the pressure therein, thus aiding to loosen and expel the 
clogged sand through the lantern-valve 18 .into ejector-pipe 
17. 
The nozzle 27 is of a compound· form, having passages 
28 and 29 for air and sand, respectively, with.·a cock 30 
for controlling the latter. . 
32. is the nozzle for air, and 33 the nozzle for 
combined air and sand, the exterior of one and the interior 
of the other being covered with renewable surfaces 34, of 
india-rubber or other material, that will.resist the 
abrasive action of the sand. The nozzle 33 is removable by 
means of the screw-collar 35, and the nozzle 32 is removed 
by detaching the part 36 from the tube 37 . 
. The operation is as follows: The chamber 1· fs f ilied 
with sand, and air under pressure enters through the pip~ 
15. The valve 24 is opened, alsb the valve 18. and cock 30, 
to admit sand, which is forcibly ejected form the nozzle 33 
against the surfaces to be acted upon. Any moisture from 
the air that collects within the receiver 1 is precipitated· 
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on the diaphragm 10, runs down into the chamber 16, and is 
drawn off at the cock 5. This diaphragm 10 also baffles 
and precipitates any moisture entering from the pipe 15. 
Having thus explained the nature and objects of my 
invention, what I claim as new and desire to secure by 
Letters Patent, is-
l. In sand-blast apparatus, a receiver and means to 
maintain air-pressure therein, a sand-hopper inclosed in 
said receiver, with means to admit air-pressure to the said 
hopper, a sand-valve in the bottom of said hopper, with 
means for operating said valve from outside the receiver, 
and a sand-ejector in said receiver beneath said hopper, 
communicating with the latter by means of said valve·, 
substantially as specified. 
2. In sand-blast apparatus, a receiver having a main 
chamber, and a sand-hopper for an upper chamber, means to 
maintain air-pressure in said main chamber, means to admit 
air-pressure to the sand-hopper, an opening from the sand-
hopper to said main chamber, a sand valve in said opening, 
means to operate said sand-valve from outside the receiver, 
a sand-ejector in the main chamber of said receiver, a 
flexible pipe attached to said ejector, and an applying-
nozzle on the end of said flexible pipe, substantially as 
specified. 
3. In sand-blast apparatus, an applying-nozzle for 
delivering air and sand, said nozzle having a central 
discharge way or passage for air, with a flexible pipe 
leading thereto, a sand-discharge way or passage standing 
· obliquely to the axis of the air-passage. standing obliquely 
to the axis of the air-passage, and a cock on the nozzle to 
regulate.',)the discharge at the sand-passage, substantially 
as spe6lfied. . 
4. In sand-blast apparatus, an applying-nozzle for 
delivering air and sand, said nozzle being provided with 
removable tips lined on the surfaces exposed to. the action 
of the sand with _elastic material to prevent abrasion, 
substantially· as specified. 
5. In sand-blast apparatus, an applying-nozzle having 
separate relatively convergent passages for air and sand 
respectively, a cock on the nozzle to regulate the 
discharge of sand from the sand-passage~ the passages being 
provided with elastic protective coverings on those .. 
surfaces exposed to abrasion form the sand, and separate 
flexible pipes leading to said air and sand passages 
respectively, substantially as specified. · 
In testimo_ny whereof I have signed my name to this 
specification· in the presence of two subscribing witnesses. 
Witnesses: 
Alfred A Enquist, 
E. Sandison. 
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Process of Producing and Depositing Plastic 
Adhesive Mixture 
Be it known that I, Carl E Akeley, a citizen of the 
United States, residing at Chicago, in the county of 
Cook and State of Illinois, have invented certain new and 
useful Improvements in Processes of Producing and 
depositing Plastic or Adhesive Mixtures of which the 
following is a specification, reference being had to the 
accompanying drawing, forming a part thereof. 
My invention relates tq an improved method or process 
of making concrete. What I mean by concrete is a 
conglomerate formed by the use of hydraulic cement,sand and 
water. The process is equally adaptable to the formation 
of stucco or the application of cement alone, or cement in 
combination with other elements, such as sand, or the 
equivalent, and when I use the expression cement, I mean 
ariy of those binding agents which are made effective by 
hydration and what I mean by hydration is the bringing 
together of ahy such cements with water or water·vapors in 
such a way as to make them effective. What I mean by sand 
is any kind of comminuted material adapted to cooperate 
with such cement in forming a concrete. In this 
specification and claims, for the sake of brevity, I refer 
to cement, water and sand, but I do not intend to limit 
myself to· those materials; any materials of a kindred 
nature may be employed. 
The methods usually heretofore employed for the 
hydration of hydraulic cements and the miiing of the same 
with sand or equiv~lent substances has been to introduce 
the cement and sand into a container with a certain 
quantity of water and by mechanical agitation to thoroughly 
mix the elements·, the water combining .with the cement and 
I I # I ~ 
causing the same to form with the sand or equivalent 
substances, a conglomerate commonly known as mixed cement, 
or mixed mortar, or mixed stucco, as the case may be. This 
mixed material has been applied in various ways. W~ere it 
was sought to make a concrete associated with broken stone, 
.or the like, a concrete has been mechanically mixed with 
the stone and tamped into appropriate.forms where .it is 
permitted.to harden: where, on the other hand, it was 
desirable to use the plastic material as a binding agent 
for the holding together of materials, covering of walls 
and the like, it has been applied wi~h a trowel or 
otherwise. 
I have observed that where cement and sand are 
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manipulated in the manner indicated to form a concrete, 
certain inherent defects are found in the concrete, due, as 
I believe, to a failure to truly comprehend the natural 
laws which govern the operation of the elements which go to 
form the concrete. 
My present invention has as its purpose to overcome 
these difficulties and correct-ly employ the laws of natu·re 
referred to. One of these laws may be briefly stated to be 
that hydraulic cement is more efficient as a binding agent 
when it i~ permitted to set shortly after hydration and 
without physical disturbance, in a position where it is 
intended permanently to remain. In the former process of 
making a concrete, the utilization of this law was 
impossible from the nature of its performance, as the 
cement was hydrated and mechanically ·mixed with sand or 
similar material, and when mixed, the conglomerate was 
taken to the place of ·application and applied, the result 
being that the crystalline form of the hydrated cement was 
necessarily broken and hence made less effective as~ 
binding agent. Another law is that hydraulic cement is 
more effective when hydration is accomplished with just the 
amount of water needed to supply the water of 
crystallization,m and that under proper conditions such 
cement will take up the exact amount of water or moisture 
for this purpose. In the operation of the former process 
such conditions were impossible in the nature of the 
performance. 
Under the former process, cement, sand and water were 
placed in a container and there mechanically manipulated. 
In this case, if the supply of water be only such as will 
enter into chemical union with the cement, it will be 
likely to set at once, and any further handling or 
manipulation of the same will be calculated to disturb the 
. 
initial crystallization, and in so doing, impair its 
binding quality. Furthermore, if it hardens, it will be 
difficult .to handle and less effective when applied. To 
p~event this result and to maintain the mixture in a 
plastic state long enough to be applied to the work, it is 
customary to employ considerably more water than the cement 
requires for the purpose of retarding the setting and to 
allow sufficient ·time in which to mix and apply th.e 
conglomerate. Furthermore, when.~he sand and cement are 
mechanically mixed under the conditions_ stated, the 
- operation has the effect of breaking th~\crystallization 
and dislocating the bond which is established as soon as 
the cement is hydrated~ The result of this excessive 
hydration and mechanical mixing~ is that water and air are 
included in the conglomerate and. bound therein, the 
effective strength of the c~ment is alsd broken or 
impaired. · When the concrete is permitted to dry, the 
excess of water evaporates and the inclosed air is 
released, leaving the concr·ete .in a porous condition, which 
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is obviously undesirable as a dense concrete is preferable 
for purposes of strength, hardness and water-proof 
qualities. The concrete thus formed has heretofore been 
applied as mixed concrete, by mechanical application to the 
obj.ect to by treated. Such means of application have been 
fraught with difficulties and prescribed narrow limitations 
for its operation. I recognize, of course, that the 
conditions above set forth are necessarily incident to the 
operation of the process of making concrete as heretofore 
pra~ticed. My present process has for its purpose the 
over-coming of these difficulties and the supplying of a 
process in the operation of which these laws will be 
utilized to the best advantage. · 
In the operation of my process, I bring the dry cement 
and sand, either separately or mixed, together in 
appropriate proportions to the point of delivery adjacent 
to the point of application. Through a separate conveyer I 
bring water to the same point, and under pressure I 
forcibly project the three elements together against the 
object or structure. - In carrying out my process I prefer 
to unite the three elements, sand, cement and water, in a 
suitable nozzle from which they are together forcibly 
projected against the object. I have observed that the 
conditions which I bring about in the projecting of these 
elements,to wit, cement, sand and water together in the 
manner indicated, permit the cement to take up just enough 
water or moisture to effectively bring about its 
crystallization. The particles of cement, having taken up 
the right amount of water, are violently projected against 
the object where they are intended to remain and set, thus 
these particles are immediately upon hydration placed in 
position where they are to remain. They·are not again 
disturbed, and in view of the fact that they have taken up 
only sufficient water for the purpose of their hydration, 
they rapidly crystallize and s~t. The fact that the sand 
is also brought in contact with the water, wets it 
sufficien~ly to be united with-the cement. In other words,· 
the individual paiticles of s~nd are moistened· and are 
consequently in a better condition to cooperate with the 
cement in forming the concrete. Furthermore, the fact that 
all of these elemehts·are violently projected against the 
object continµously and forcible operates to drive· the· , . 
particles home into the interstices of the ~urface 
·presented, thus tamping the concrete as it is formed and 
expelling surplus water or included air that may be 
present, leaving the concrete hard, dense and homogeneous. 
I have observed and, I believe, discovered that in the 
oper~tion of my process a natural law of selection is 
utilized, th~t is to say, a selection by the cement of just 
.sufficient water to accomplish its hydration and a 
discarding of the sgrplu~ amount of water·~nd also a 
selection of the exact amount of sand ·which will most 
! • 
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efficiently cooperate with the cement in the various stages 
of the operation of the process. For instance, when the 
three elements,water, cement and sand, are projected 
against a vertical object in the initial operation of the 
process, only so much water and sand unite with the cement 
as the cement can hold,-the rest falls away, leaving the 
hydrated cement in an almost pure state. It may take up a 
small quantity of sand, but I have observed that the 
initial coating is very rich in cement. As the operation 
proceeds, however, after the first coating of cement is 
laid on, and adhesive and plastic surface is formed capable 
of receiving and retaining the sand, or sand and cement, as 
the same are projected against the abject. Thus, it will 
be found that the resultant product is stratified. The 
portion adjacent to the object is high in cement values; 
whereas, the remaining portion of the concrete contains a 
mixture of sand and cement according to a pre-determined 
ratio fixed in the source of supply. I have also observed 
another law of selection which is incident to the operation 
of my process, which is based on the fact that cement will 
only take up and cooperate with, effectively, a certain 
amount of sand. My experience has demonstrated that a 
mixture of one part of cement _and three of sand is usually 
very effective. If, However, I should make the mixture one 
part of cement to nine of sand, or any other proportion 
which would not be effe~tive, a certain portion of the sand 
will fail to unit with th~ cement and fall to the ground, 
where the object is vertical. Of course, this would not be 
so where the object is horizontal, and there is no 
opportunity for the sand to escape from its placement, but 
I have observed and desire to note that this is another law 
of ·nature by which in the operation of my process, a 
selection of the amount of sand, which would be sufficient, 
is made. 
It will be obvious that cement, sand and water applied 
by my process will adhere to a surface and make· a far more 
efficient binding union with such surf~ce than·wo~ld be 
possible in the application of concrete mixed under the 
former process, for the reason that it is applied in 
individual particles at successive intervals of time, and 
the cement. is hydrated suddenly and applied directly 
thereafter without mechanical manipulation which would be 
liable to disturb its crystallization, and thus impair its 
eff~ctiveness as a binding agent. The fact also, that the 
elements which go to make the concrete, are applied 
forcibly simultaneously and continuously against the object 
or structure under treatment, operates ti> tamp the 
conglomerate in a peculiarly efficient manner and drive out 
any excess of water or air that may be present therein,-
thus making a de!}se and consequently hard and waterproof 
concrete. · 
I) In the op·eration of my· ·process. I have observed that 
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the conglomerate consisting of cement, sand and water, when 
applied according to the process above described, set 
quickly when it is applied in layers or lamination, each 
layer or lamination being permitted exposure to the 
atmosphere for a perio~ of time before another lamination 
or layer/is laid on, and so continuously until the required 
thickness is attained. In practice, this period of time is 
usually very brief. when I am coating a wall for instance, 
I begin operations at one end of the wall and having laid 
on a certain thickness, I continuously proceed with the 
operation to the end of the wall and then return, 
proceeding continuously over the same surface. This 
interval of time, I have observed,. permits the material .to 
partially set and a portion of the water to run off or to 
be evaporated therefrom. The plan is, however, not 
essential to the operation of the process as it is 
perfectly possible to project the materials continuously 
against the object until the desired thickness is obtained. 
When I refer in this specification and claims to the 
projection of cement, sand and water against an object, I 
intend to be understood as meaning the surface of such 
object interposed in the passage of the materials 
projected. And when I refer to a vertical object I do not 
intend to be understood as meaning an absolutely vertical 
surface, any surface presented as an obstacle to the: free 
passage of the materials which is of sufficient iriqlination 
to permit the surplus water and sand to escape would be 
within my intended meaning. Where, however, th~ object 
interposed is horizontal or so inclosed as to prevent the 
escape or separation of the sand and water, it is obvious 
that the law of selection herein described would not 
operate. 
By my invention I eliminate the defects of the old 
method. The materials are mixed and deposited and the 
cement hydrated at a singly operation so that premature 
setting cannot possibly take pla·ce, and each particle is 
applied with force to the place it is to occupy .on the 
finished structure, forming an ex~eedihgly compact body. 
In applying my process, the material is led to a 
nozzle, by means-of which the workman so directs the 
material that the arresting surface is simultaneously 
sprayed with solid and liquid which is deposited thereon in 
the form of a plastic. The material is deposited 
preferably continuously and distributed over the whole 
surface until the desired thickness of the wall or coating 
to.be produced is attained. 
The relatively dry material such as stucco, plaster, 
cement, sand or the like, or a suitable combination ·of dry 
materials and a suitable liquid such as water·capable of 
forming, when combined, a plastic or adhesive substance, 
are separately conveyed, preferably in partial confinement 
as in pipes, from separate points of.supply to or adjacent 
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to a point of union, and are delivered either 
after union in the form of a stream or jet to 
deposit, the mixture and deposit taking place 
operation 
before or 
the point of 
as a single 
Conveyance of the dry material or materials through 
its conducting pipe or pipes may be accomplished by a blast 
or current of air, and when several dry materials are 
employed, they may be mixed in the proper proportion and 
placed in a singly receptacle for measured delivery to the 
pipe or brought together in measured proportions while in 
transit to the point of deposit as in a mixing nozzle. The 
liquid ingredient which is generally water, may be forced 
through its pipe under pressure, preferably at a measured 
rate, and the two separately conducted ingredients, dry and. 
liquid in definite proportions, are projected 
simultaneously by the impelling force which may be the 
current of air and the water pressure described, or any 
other means of transmitting force. By the proper 
regulation of the supply of dry material and of the liquid 
through the nozzle, the constituency of the plastic formed 
by their mixture, may be readily varied as desired to suit 
different conditions and requirements. 
By this process the ingredients are thoroughly and 
uniformly mingled in proper proportions and a plastic of 
uniform constituency is continuously pro.duced as required, 
and is thoroughly and evenly tamped as it is applied and 
deposited, producing a dense coating or mass. 
The accompanying drawings show a simple arrangement of 
apparatus suitable tor carrying out my process·. 
Figure 1 is an elevation of one form of apparatus, the 
receptacle for dry material and the mixing nozzle being 
shown partially in section. Fig.2 is an enlarged section 
on the line 2,2 Fig.1 of the lower part of the receptacle 
for.dry material. Fig. 3 is an enlarged axial ~ection of a 
modified form·of mixing nozzle. Fig. 4 is a fragmentary 
section of solid wall in the process of construction,· . 
showing the operation of projecting materials against the 
arresting surface to form the wall. 
In the drawing there is a closed receptacle "a'' for 
dry material such as Portland cement, lime, sand, etc~ At 
the top there is a charging opening and a removable cover 
"b'' for the opening; at the bottom is a discharge opening 
con·trolled by an adjustable slide valve''c'', having a handle 
"d'', projecting through a stuffing box and slide bearing at 
one side. Below the discharge o-pening is a funnel or feed 
chamber"e" in which is a feed wheel '' f" having pockets in . 
its periphery which register irt turn with the discharge · 
opening. Above the discharge opening is a rotary agitator_ 
"g'' for breaking up lumps in th·e· powdered ·.material. The 
agitator and feed wheel may be.turned by _any suitable means 
as gears ''h" and"i·'' applied to the shaft of the agitator 
which is provided with any suitable crank or pulley not 
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shown. A circular nozzle or perforated pipe "j '' surrounds 
the feed wheel '' f" in the upper part of the funnel "e''. 
From the funnel "e" a pipe "k'' leads to the top of chamber 
''a " to equalize the pressure. The nozzle is supplied with 
air by way of a pipe ''n" leading from the top of a 
reservoir ''l". In the pipe ''n" are valves 11 0 11 and "p''· 
The lower part of the reservoir is provided with a cock "q" 
for releasing the air and condensed water. The reservoir 
is filled with air under pressure by way of a pipe "m" to 
which may be connected any convenient compressor not shown. 
Liquid is supplied from a tank''r'' to the upper portion 
of which the air pipe ''m" provided with a valve "s'' leads. 
Water is supplied to the tank by a pipe "t" having a valve 
II U II • 
Connected to the funnel ''e" of the receptacle ''a" 
for dry material by means of a pipe "x" having a val vae" z" , 
and to the bottom of the liquid tank "r" by means of a pipe 
"y" having valves 11 211 and ''3'', is a nozzle "v?". 
In place of the nozzle shown in Fig. 1, I may use one 
of th·e type shown in Fig. 3 having an outer .tube. "4", an 
inner tube "5", a mouth-piece "6'' made of soft rubber and 
secured to the end of the outer tube 11 4 11 by means of a· 
coupling ring "7". Liquid is supplied through the branch 
connection 11 8 11 , to the outer tube ''4'~, and the dry material 
is supplied to the inner tube. Tube ''4" fits into a sleeve 
"9"and both the tube and sleeve are threaded into a 
coupling ring 11 10 11 by which they are adjustable connected. 
Between the tube and the sleeve within the coupling ring is 
a packing ring 11 11 11 at each end of which is a metal ring or 
washe_r. The object of using soft rubb~r for the ring 11 6 11 
is to prevent excessive wear at this point. By means of 
this nozzle the liquid will be delivered in the form of a 
cone surrounding the stream of dry material as it issues 
from the inner tube. With either nozzle the dry and liquid 
materials will be intimately mixed, applied and compacted 
in a ~ingle operation. 
In the operation of the apparatus as shown, when it is 
desired to refill the liquid reservoir "r", the valves "s'' 
and '' 2" are closed; the cock "v" is opened to release_ the 
Qompressed air·, arid the valve "u'' opened to· admit water or 
other· liquid through the pipe "t'' ~ If the_ liquid is . 
supplied under sufficient presiure, re.filling may be 
accomplished without closing valves 11 2 11 and ''s" and without 
· interrupting the operation of the apparatus .. ,, 
In Fig. 4 I have shown a portion of a wall or other 
structure in the course of. construction by my metho~. 
There is a wall or other structure 11 12". Material is 
sprayed against the wall or other sttucture from the nozzle 
"w", the latter being continuously and-uniformly deflected. 
to distribute the material evenly over the su~face. C _The 
wall is forn1ed by the gradual deposit of the material o9n 
th·e wall or other structure, the thickness of the wall 
C "-) 
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increasing as the operation progresses, it being maintained 
substantially uniform throughout by manipulation of the 
nozzle as described. As shown, the wall is about five-
eighths completed. 
The dry and liquid constituents of the plastic to be 
applied are projected against the wall, as described, from 
the nozzle "w". They are thus mixed, depo_sited and tamped 
at a single operation, forming a coating in which the force 
of application drives out the surplus water and included 
air and compacts, the cement coating making it hard and 
adherent. 
In both cases the coating or wall formed is non-porous 
and substantially water-proof. Superfluous water and body 
material are rejected without loss of the cementitious 
constituent. 
I have thus described in specific terms a single 
embodiment of the method and apparatus by means of which 
the process of my invention may be accomplished, but I 
desire to have it understood that the specific terms herein 
are used in their descriptive and not in their limiting 
sense. The scope of the invention is defined in the 
accompanying claims.· 
I claim-
1. The method of forming a cement structure, which 
consists of projecting cement, sand and water, 
simultaneously, with force, against a wall or other 
structure, whereby the materials are mixed, hydrated, and 
combined in suitable proportions in the position which they 
are to occupy in the finished structure. 
2. A method of applying hydraulic cement concrete 
which consists of conducting tbe dry and liquid materials -
composing the same, continuously from separate sources and 
forcibly projecting them simultaneously on the same point 
of application. .. 
3. The method df mixing and applying hydraulic cement-
concrete, which consists ·in· projecting the dry materi·als,. 
forcibly, into the position which-th~y are to occupy 
permanently on the finished structure, and simultaneously 
projecting water at the same point. 
4. The process of mixing, hydrating and applying 
hydraulic cement, which consists in forcibly projecting the 
dry and liquid materials, simul taneou·sly, at the point of 
application. 
5. The process of applying hydraulic cement, mortar or 
concrete containing the same and similar concretes and 
cements and mortars, which consists in forcibly projecting 
the dry and liquid constituents of·the same, 
simultaneously, ·at a . suitable forming . surface·, ·thereby 
mixing, depositing, ·and· tamping the materials, and 
·hydrating the qement, in a singl~ operation. 
6. The process of mixing and applying hydraulic cement 
morta.r which consists in conducting the dry and liquid 
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materials from separate sources to a nozzle, ,mixing them 
therein, and projecting them therefrom, with force, upon a 
suitable structure whereby deposit and hydration are 
accomplished simultaneously and all premature setting is 
prevented. 
7. The process of producing an adhesive mixture which 
consists in conveying relatively dry comminuted material 
and liquid in separate partial confinement from separate 
sources of supply, and bringing such substances together 
while in transit adjacent to the point of delivery of said 
substances from such confinement. 
8. The process of producing a plastic mixture which 
consists in conducting liquid and relatively dry comminuted 
material in separate partial confinement from separate 
sources of supply, bringing said materials together while 
in transit adjacent to the pointy of delivery from such 
confinement, and continuously depositing the mixture thus 
formed. 
9. The process of producing and applying a plastic 
mixture which consists in separately conducting in 
continuous transit, liquid and relatively dry comminuted 
material from separate sources of supply, bringing such 
materials together while in transit and continuously 
depositing the mixture with force in a compacted coat or 
body. 
11. The method of hydrating hydraulic cement and 
associating the hydrated cement with sand or other 
substances which consists in forcibly projecting water, 
cement and sand into the atmosphere so that these 
materials, as separated particles, meet in the air. 
12. The method of hydrating hydraulic cement which 
consists in forcibly projecting water and ~cement into the 
atmosphere so that these materials, as separated particles, 
are combined in the. air. 
13. The method of hydrating hydraulic-cemeht and 
associating the hydrated cement with sand or other 
substances which consists in forcibly projecting water, 
cement and_sand irtto the atmosphere· so that these 
materials, as separated particles, mix in the air and are 
driven with force against an interposed object in 
contradistinction to mechanically mixing the sam~ materiali 
in a container. · 
14. The method of hydrating hydraulic cement and 
uniting the hydrated dement with sand or similar materials 
which consists in exposing the cement and sand, as 
separated parti~les, · to the action of water (?r water vapJ:~~,rs . 
in transit through the atmosphere. '(< : __ / __ _ 
15 .··The method of -hydrating hydraulic cement which·· 
consists in exposing the cement to the ·action o { water or 
water vapors, the cement and water being projected forcibly 
in the atmosphere where they are caused to meet as 
separated particles. 
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16. The method of hydrating hydraulic cement which 
consists in exposing the cement to the action of water or 
water vapors, the cement and water being projected forcibly 
into the atmosphere where they are caused to meet and 
proceed together against an object. 
17. The method of hydrating hydraulic cement and 
uniting the same with a suitable.amount of sand to form a 
concrete which consists in causing the dry cement and sand, 
as separated particles, to be forcibly projected into water 
or moisture from which the cement may take up sufficient 
moisture to accomplish its hydration. 
18. The method of hydrating hydraulic cement and 
uniting the same with a suitable amount of sand to form a 
concrete which consists in causing the dry cement and sand, 
as separated particles, to be forcibly projected into ~ater 
or moisture from which the cement may take up sufficient 
moisture to accomplish its hydration and proceed together 
with the sand to an object. · 
19. The method of forming concrete which consists in 
forcibly projecting the constituent elements, uncombined at 
the time of projection, against an object. 
20. The method of forming concrete which consists in 
forcibly projecting the constituent elements, uncombined at 
the time of projection, against an object, first on one 
part of the object and then on another. 
21. The method of forming concrete which consists in 
forcibly projecting the constituent elements thereof, 
uncombined at the· time of projection, against a vertical 
object. 
22. The method of for~ing concrete which consists in 
forcibly projecting the constituent elements thereof, 
uncombined at the time of projection, simultaneously 
against a vertical object. . 
23. The method of forming concrete which consist in 
forcibly projecting the constituent elements thereof, . 
uncombined at the time of projection, simultaneousl·Y and 
contiguously against a vertical object. 
24. The method or process of ma"king a mixture of un-hydrated hydraulic cement, water ana··sand for the ~urpose 
of fo~ming a hydrated concrete, which consists in forci~ly 
. projecting these materials, uncombine.d at the time of 
proj ect·ion, simultaneously against an object. 
· 25. The method or process of making a mixture of· un-
hydrated hydraulic cement, water and sand which consists in 
forcibly projecting theses materials, uncombined at the 
time ot projection, simultaneously against a vertical· 
object. 
. 
26. The method or process of making a mixture of 
hydraulic cement, water and sand which consists in 
simultaneously and forcibly uniting these materials in a 
common receptacle and forcibly ejecting the combined 
material from said receptacle against an object~ the 
, _a_••"''"J\., 
. . . 
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application being made first against one part of the object 
and then against another part of the object and then 
against the first part treated and so on continuously, 
allowing sufficient intervals of time to elapse between the 
applications to permit partial evaporation of the water and 
partial setting of the cement. 
2·1. The method or process of farming a concrete which 
consists in separately conveying the dry material to a 
receptacle and separately conveying the liquid to the same 
receptacle, the supply being continuous and forcibly and 
continuously projecting the conglomerate against an object. 
28. The method or process of forming a concrete which 
consists in separately conveying the dry material to a 
receptacle and separately conveying the liquid to the same 
receptacle, the supply being continuous, and forcibly and 
continuously projecting the conglomerate against a vertical 
object. 
29. The method of forming concrete which consists of 
forcibly projecting cement~ s~nd and water, uncombined at 
the time of projection,· against an object and laying the 
particles upon one another, particle by particle, with an 
interval of time between the application of adjacent 
particles. 
30. The method of hydrating hydraulic cement and 
associating the hydrated cement with sand or ·other 
substances which consists in forcibly projecting. water, 
cement and sand into the atmosphere so that these 
materials, as separated particles, are driven with force 
against an,. .intervening object, and laying the particles one 
upon another, particle by particle, with an interval of 
time between the application of adjacent particles . 
. 31. The process of producing and applying an adhesive 
mixture to the surface to be coated with such mixture, 
which consists in separately conveying relatively dry, 
comminuted material and_ liquid in partial confinement, from -. 
separate.sources of supply, bringing said substances 
together adjacent to the point of delivery thereof, from 
such confinement, and thence projecting the mixture upon 
the surface to be coated, maintaining the substances 
continuously in motion through~ut their transit from the 
points of supply to the point of application. 
32. The proc~ss of producing and. delivering a pla~tic 
or adhesive mixture, which consists in separately conveying 
relatively dry and comminuted material and liqui·a in 
partial confinement, from separate sources ·of supply and 
bringing said substances together during transit and while 
under partial confinement, _adjacent to the point of 
delivery from such confinement. . 
33. The process of producing and applying a plastic 
mixture, which consists in separately conducting liquid and 
relatively dry, comminuted material in partial confinement, 
form· separate sources of supply, bringing sue~ materials 
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together while in motion, adjacent to the point of, but 
before delivery, and depositing the mixture, thus produced, 
upon the surface of the structure to which it is to be 
applied. 
34. The process of producing and depositing a plastic 
mixture which consists in separately conducting in partial 
-confinement, from separate sources of supply a liquid and 
relatively dry comminuted material, bringing such materials 
together near the point of delivery from such confinement, 
and continuously projecting with an· air blast the mixture 
thus formed in an unconfined jet against the surface or 
object of which it is to be applied. 
In witness whereof I hereto affix my signature in 
presence of two witnesses. 
Witnesses: 
Chas. L. Goss, 
John H. Hurley. 
CARLE. AKELEY. 
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